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Abstract

In principle, affective game systems use the relationship between player emotions and
video game content to enhance play motivation, increase engagement and enjoyment, and
even facilitate health benefits. However, because of theoretical uncertainties in psycho-
logical emotion research and a mix of methodological standards in games research, the
best means of creating and evaluating them remains unclear. To advance our understand-
ing of affective game systems, this thesis investigates the emotional player-game feedback
loop through multiple pathways. It provides a synthesis of relevant research disciplines
(Chapter 2) and a systematic review of current affective game research (Chapter 3) to
investigate current theoretical and practical issues in the field. To address these issues, it
then presents a framework for developing and evaluating affective game systems (Chapter
4). The framework is evaluated through the development of a new video game and a large-
scale randomized controlled comparison study (Chapter 5). Further studies (Chapters 6-7)
provide additional validation by making use of the framework to explain emotion measure-
ment and elicitation within specific game contexts. Finally, the future of affective systems
is examined, focusing on the role of large language models in overcoming historical barri-
ers. New architectures for language model-driven game agents are proposed, highlighting
the potential of this technology in affective computing (Chapter 8). Overall, this thesis
proposes new approaches to understanding player emotions and provides standardized and
validated methods to develop and evaluate affective games. This thesis aims to shed light
on the nature of affective systems how they are currently being developed and evaluated,

and how they can be improved to maximise potential benefits.
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Chapter 1

Introduction

"l don’t want to be at the mercy of my emotions. |
want to use them, to enjoy them, and to dominate

them."
— Oscar Wilde, The Picture of Dorian Gray [6]

People love to play. The video game industry has experienced steady growth over the
years, leading to a market size value of over 160 billion US dollars in 2020 |7], [8] and a
forecast of over 290 billion US dollars in 2027. More than 65% of US citizens play video
games at least one hour per week [9], similar to the over 51% of players in Europe [10].
There is no question about the ever-growing popularity of video games that has led to
significant advancements in video game research over the last years, addressing a variety
of questions such as: Why do people play? How can we better understand players and
their behaviour by studying games? What are the positive or negative effects of games
on health and behaviour? How can we improve video games from a technical, mechanical,
and artistic perspective?

These efforts are easily justifiable by the extreme popularity and sales alone, especially
considering that the video game industry is comparatively young with early mainstream
games only released in the 1970s. The market is constantly evolving with new hardware
and software innovations every year, underlining the role of video games as one of the most
popular media in the entertainment industry, as well as a promising sector for areas such as
health and education [11], as potentially beneficial contributors to cognitive and emotional
abilities [12], and as a prime example of applied human-computer interaction (HCI).

Undoubtedly there is a lot to gain from video game research for both commercial and

academic interests and in order to add meaningful contributions to the field, it is necessary
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to understand why people are increasingly drawn to video games.

Based on classical research on intended actions, Klimmt and Hartmann argue that video
games offer distinct affective benefits that motivate video game play and differentiate the
medium from other entertainment products, such as movies or music [13]. The first benefit
is the concept of effectance, initially introduced by White [14], which can be seen as a
strong feeling of satisfaction that arises by the perception of having an impact on the
world. As Klimmt and Hartmann argue, the interactive nature of a video game world is
inherently designed to feed into this feeling. The second discussed benefit is self-efficacy, a
classical psychological concept originally described by Bandura [15]. It may very well be
the case that the rewarding feeling of our sense of mastery at least partly accounts for the
emotional appeal of video games. Building on similar psychological concepts, more recent
experimental research approaches the motivational pull of video games in a perspective of
self-determination theory [16]-[18]. Following this theory, both the appeal for consumers
and the actual positive affective effects resulting from playing are based on the basic
psychological needs for competence, autonomy, and relatedness. Again, it is argued that
the interactivity of video games can provide deeply rooted basic satisfactions that we need
in order to be happy. In other words, more so than with passive media, we are in control of
what is happening, can make independent decisions that have an impact on the experienced
outcome, and - for example in the case of multiplayer games - can relate to others and
therefore experience meaningful social interactions. Every year, more and more research
applies underlying motivational concepts such as self-determination theory, making the
affective rewards of games a central focus point in works about design tools and player
experience analysis [19]. In fact, such rewards seem not only crucial in explaining player
motivations but have also been associated with the act of watching other people play games

[20], extending the potential impact even further.

To put it in slightly different terms, the emotional relationship between players and
games seems to explain much of the appeal of video games and consequently plays an
important role in utilizing their potential benefits. Because of this, the game design process
is primarily focused on user experiences, or as Jesse Schell puts it in the Art of Game

Design:

“[...] creating them [experiences| is all a game designer really cares about.”

[21]
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1.1 Emotions in Video Games

Of course, the importance of affective experiences has been known in the world of design,
long before video games became relevant. There are a number of interactional models, for
example for "product emotions" [22|, building upon highly influential work of researchers
like Norman [23], [24], who investigated the affective relationship between products and
customers and described it in simple terms in the title of his book: Emotion and Design.
Attractive things work better. [23]

If we assume that the high commercial and academic interest in a very much growing
video game industry is rooted similarly in an emotional relationship between the games and
the players (illustrated in Fig 1.1), the natural consequence would be to try to understand
every aspect of this relationship. Not only might this lead to the creation of better and
more successful games, but it could also further our understanding of human emotion itself
and help unlock possibilities of video games promoting targeted emotional support and
well-being, as discussed in current reviews about the positive effects gameplay can provide

[25], [26].

/N\]

Emotional
Feedback
Loop

R ~—

Figure 1.1: Concept of an emotional feedback loop as an illustration of the ongoing affective

relationship between a game system and a player, adapted from Sundstrom [27].

Still, understanding this relationship is not an easy task. For a start, emotions as a
psychological construct are still a topic of fundamental theoretical debate [28]. Many emo-
tion theoretical perspectives have developed with quite different core assumptions relating
to the functions, involved physiological and psychological mechanisms, and expressions of
emotions [29]. Not only does this fact still to this day lead to differences in interpreting

empirical data depending on the perspective [28], it also creates a gap between the scien-
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tific construct of "emotion" and "emotion as part of peoples’ everyday life and experience".
Everybody has a concept of emotion, everybody knows what anger, sadness, and happiness
feel like. Naturally, art is created and consumed with emotions in mind - the connection
between art and feeling was studied even in ancient Greece [30]. Still, the precise nature,
underlying mechanisms or even basic scientific definitions remain a point of contention
among experts [28]. Emotions span countless semantic labels [31], countless theoretical
models [29], and countless expressions that are being measured by various instruments

32].

For video games in particular - as both a form of art and an interactional computing
medium - this gap between fundamental emotion theories and in practice applied affective
technologies becomes obvious. In fact, while we still develop and research theoretical con-
cepts such as "universal and basic emotions" [33], [34], "cognitively appraised emotions"
[35], [36], "socially constructed emotions" [37], [38], art-related "aesthetic emotions" [30],
"product emotions" [23], and many more, we simultaneously develop and apply techno-
logical implementations within video games to make use of these models, for example, to
create affect-aware computer agents [39], to measure and interpret emotions in real-time

[40] and to adapt the games according to player emotions to optimize user experience [41].

This theory-practice gap has been acknowledged since the early days of "affective com-
puting" research, particularly by the highly influential works of Rosalind Picard [42], [43],
who outlined the distinct challenges any affect-aware computer faces, given the theoret-
ical uncertainty around emotions in areas such as emotion sensing, emotion expression,
and affect modelling [43]. These include challenges in making reliable recognition efforts
in idiosyncratic and poorly defined modes of emotion expressions; the limited availabil-
ity of accurate cognitive models (and therefore unknown interactions between emotions
and other mental components); the technological limitations in sensing, understanding,
and expressing emotions; as well as unclear ethical implications when it comes to emotion

recognition and targeted elicitation efforts.

Even though this gap is well documented, numerous studies have been conducted to
propose models, analyses, and affective game implementations, focused not necessarily on
the fundamental challenges in the fields, but rather on the potential benefits of affective
games [40], [44], [45]. These benefits are mostly described by three high-level heuristics,
originally proposed by Gilleade et al. [46]: "Assist me" as an aspect of affect-aware games

to assist players in emotional tasks, "challenge me" as an aspect of affect-aware games
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to propose the optimal challenge level for every player, and "emote me" as an aspect for
affect-aware games to optimize specific emotional experiences. And while current reviews
show some potential of affective games to reach these goals [44], [45], none of the challenges
outlined by Picard [43] have been solved, casting doubts on the informative value of some
of these empirical efforts. Furthermore, the affective system Gilleade described can be seen
as a form of affective adaptation system, i.e. a system that measures, models, and reacts
to player emotions [47]. While it is necessary to provide further research to advance com-
plete affect-adaptive systems, there is also considerable interest in understanding emotions
for video games that just try to elicit a target experience without real-time adaptation
mechanisms. All games try to build an emotional connection with the player [21] - so the
most useful version of a scientific understanding of the emotional player-game relationship
should not restrict itself to games that adapt its content to player emotions in real time.
With that in mind, the main aim of this thesis is to research and analyse the theoretical
issues that currently impact the field of affective systems, and explore potential ways to
make meaningful practical contributions to the field, or in other words: to first thoroughly
analyze the theory-practice gap and to then narrow it through new methods, theoretical

models, and technological architectures revolving around the emotional player-game loop.

1.1.1 Possibilities

The fact that affective video games have the potential to achieve some or all of the goals
outlined by Gilleade et al. [46] and expanded by researchers such as Hudlicka [39], [41] is
not disputed. It is the general consensus that affective systems in video games could help
create better emotional experiences, help different types of players overcome challenges,
optimally adapt game material to a target emotion, and even provide health benefits in the
form of targeted training or through positive experiences [41]. There is also little doubt
about the central role of emotions when it comes to designing and developing games [21],
[48], [49] or the importance of deeply rooted psychological mechanisms when explaining
play motivation [16], [17].

If we can better understand the underlying concepts grounded in psychology, we will
gain a better grasp on the interactive relationship between players and games. This in
turn could lead us to build new tools and games that promote the proposed affective gam-
ing benefits. The consequences that would emerge from understanding and narrowing the

theory-practice gap could impact future research directions within the fields of psychology,
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design, and computer science. Understanding the gap would mean thoroughly analysing
work revolving around the current theoretical debate about emotion models, empirical
work focusing on affective video games, and other relevant research in design and affective
computing. Narrowing the gap would, in turn, mean providing further theoretical ground-
work that makes the application of emotion theories in game contexts more robust and
certain, and streamlining the process of developing and researching affective games, while
not only acknowledging the unique challenges in the field but working towards solutions.
Better understanding the affective player-video game relationship holds the potential
to (a) help to overcome some of the challenges connected to applying psychological emotion
theories in games; (b) make it easier to understand and develop affective systems; (c¢) work
towards the proposed benefits of affective video games for all games that build an emo-
tional relationship with the player; (c) facilitate the creation of advanced affective artificial
intelligent game agents; and (d) assist psychological research in better understanding emo-
tions given a specific interactional context. The theoretical, technological, and empirical

contributions within this thesis have the aim to work towards these possibilities.

1.2 Objectives

The main motivation of this thesis is to contribute to the understanding of the emotional
interaction between players and games, both in terms of clear, consistent theory and prac-
tical tools that allow for the research and development of different affective video game
systems. It will integrate contemporary findings from psychology, design, and HCI research
into a framework consisting of (a) a robust theoretical model; and (b) a practical guide.
Furthermore, this framework will be accompanied by empirical experiments and technical
demonstrations of video games to provide data-driven proof-of-concepts both as a way to
provide useful guides and as validation efforts for the framework itself. In general terms,

this research will be based on one main hypothesis:

A new framework for understanding and developing a [ective interactivity in
video games can be developed that solves theoretical and methodological problems
currently present in the field to ultimately guide our understanding of a [eckive
games and provide ways to easily develop and test emotional game systems.
Ultimately, these e [arts can be used to create new system architectures that

advance the state-of-the-art in emotional game systems.
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In order to properly achieve this aim, the work in this thesis is broken down into

multiple sub-objectives as follows:

1. Providing a comprehensive and systematic analysis of the theoretical underpinnings,
and methodological approaches of traditional affect-adaptive video games in order to
give a clear overview of the potentials and problems in the field that the framework

needs to address

2. Developing a framework for affective systems that can be applied to emotion adap-
tation and emotion simulation with careful consideration of research directions from
the perspectives of psychological emotion theory, affective computing theory, and

design and affective game theory:

(a) The first part gives a theoretical model with clear and useful components to

explain and describe affective interactivity

(b) The second part gives a practical guide to research and develop affective software
while mitigating the risk of making false theoretical assumptions and providing

rigorous methodological standards

3. Empirically testing the proposed model and process by developing a new emotion-
adaptive video game based on the framework, with a large-scale evaluation of the

observed benefits

4. Applying the framework in different contexts beyond full real-time emotion-adaptive
games, i.e. games that only implement some affective systems (like elicitation) and
not all to help understand the broader implications of the emotional player-game

relationship within human-computer interactions

5. Researching new affective systems with progressive new technologies to inform about

future possibilities of affective game systems

1.3 Structure of the Thesis

To meet the aforementioned objectives, I have developed a variety of studies and game
prototypes with methodologies specifically chosen for their potential knowledge gain for

each step. This thesis as a whole utilizes a top-down approach, meaning it was carried
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out starting from an overall conceptual perspective to build a solid base for each following

contribution. The structure of this thesis mirrors the approach taken:

Chapter 1:
Introduction

'

Chapter 2:
Theoretical Overview
. ™
Theoretical Chapter 3: Methodological
Issues Systematic Review Issues
- /
~
’ Chapter 4: Y
Improved Emotion Design Newly developed
theoretical model Framework practical guidelines
- /
\ Chapter 5:
Evaluatlon Studies
Chapter 6:
Application: Emononal Output
Chapter b
Application: Emononal Input

Chapter 8:
Future of Affective Systems

Figure 1.2: Ilustration of chapter structure.

Chapter 2: Starting from a general literature overview, this thesis outlines the concept
of affective game systems from a psychological, design, and computing perspective. The
aim of this step is to provide a deep overview of key literature in each field to better inform
the following approaches of the thesis.

Chapter 3: A systematic review analyses more thoroughly a literature sample re-
searching traditional affect adaptation in video games. The aim of this step is to system-
atically evaluate research in the field in order to better outline the problems regarding
theoretical approaches and methodology standards. Results of these chapters are used to
inform the development of targeted solutions in both areas.

Chapter 4: This chapter presents the theoretical model and practical guide of the
framework. This framework collects and integrates previous findings into a theoretical

model based on the affective feedback loop and a practical guide. The framework therefore
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specifically targets barriers in theory integration of relevant fields and addresses method-
ological concerns by providing a flexible step-by-step guide to develop and research affective
game systems.

Chapter 5: The newly developed framework is empirically evaluated by applying it to
a newly developed affect-adaptive video game. The evaluation is conducted in two steps,
mirroring the practical guide of the framework: (a) using the theoretical components of
affective interactivity, the statistical relationship between the video game and the player
is analyzed; (b) based on the gathered information, an adaptive version is developed and
compared to a control version of the game in a randomized controlled trial (RTC) in terms
of their effectiveness in eliciting affective positive experiences.

Chapter 6: Focusing more closely on individual components of the proposed frame-
work, this chapter uses concepts and methods of the framework related to emotionally
evocative game material presented to the player. It analyzes player behaviour during the
COVID-19 pandemic to better understand what makes a game relaxing in times of high
stress.

Chapter 7: This chapter uses concepts and methods related to measuring and mod-
elling affective player data to analyze the emotional journeys of participants playing through
a virtual reality (VR) horror game to better understand contextual effects on affect pre-
diction and emotion measurement techniques.

Chapter 8: This final research chapter investigates the possibility of using large lan-
guage models as affective game systems. The aim of this chapter is to test if large language
models (known for their abilities in understanding and creating meaningful semantic data)
can be used within the emotional game-player loop to function as fully affective systems
and what architectural patterns could facilitate the usefulness of such models in affective
systems.

Chapter 9: Finally, the general discussion of the thesis evaluates contributions and
limitations and provides an outlook for the future of the proposed model, technologies, and

the research of affective systems in video games and beyond.






Chapter 2

A Tale of Progress and Disagreement

"Almost everyone except the psychologist knows

what an emotion is."
— Paul Thomas Young [50]

In order to better understand the complex relationship between games and emotions,
there is a lot of work from multiple disciplines to consider. Naturally, the psychological
emotion research perspective provides decades of relevant theoretical groundwork and em-
pirical findings to shape how emotions can be understood and defined. Following a detailed
discussion on related psychological work, this chapter will discuss emotions from the per-
spective of design research, specifically game design research. Finally, the field of affective
computing provides us more deeply with models and technological methods that connect
affective information from players with computer engines making use of this information in
various ways. The aim of the discussion of these bodies of work is to provide an overview of
the state-of-the-art regarding emotions in video games that can help to identify knowledge
gaps that challenge scientific progress by combining psychological emotion theory with
game creation and research [43]. Ultimately, relevant literature from each discipline will
be used as a theoretical base to facilitate the creation of an integrative model of emotional

player-game interactions.

2.1 Emotion Research

While it seems naturally easy to grasp what the term "emotion" describes, there are a
number of issues in precisely defining the term in a scientific context. In 2010, Izard

[51] conducted a survey study with 35 highly acclaimed scientists in the field of emotion
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research, asking six questions about the definition, functions, and underlying mechanisms
of emotions. They found considerable disagreements in almost all answers, with only a
25% agreement in basic definitions of emotions, and even more disagreement in their views
of emotion function, emotion elicitation, and the relationships between emotion, cognition,
and action. In 2022, most of these disagreements are still not resolved [28|.

The fact that emotion as a construct represents multiple different perspectives and
interpretations has many important implications. For example, if emotion as a term is not
clearly determined, how can it be measured - or to put it differently - what is captured if
we attempt to measure it? What exactly can be the promise of emotion-adaptive games if
the adaptation is based on a potentially ambiguous concept? How are emotions currently
being viewed and applied in games research and what problems emerge through theoretical
uncertainties?

Before it is possible to fully unlock the potential of emotions in video games, it seems
necessary to first further explore the very foundation of the concept through theoretical
and empirical efforts. With this aim in mind, the following sections will discuss the current
main theoretical perspectives of emotions with a specific focus on their points of agreement
and disagreement. While it is true that there is still no consensus on the exact nature of
emotions, there are still decades worth of psychological work researching, refining, and
analyzing the phenomenon. A big step in validating the application of emotion concepts
in areas like HCI is a thorough understanding of what we currently know about emotions
(and clearing up any confusion about these known concepts) and what concepts can be
considered to be debated and are therefore potentially subject to change when we gain

more knowledge.

2.1.1 A L[edtive States

In many disciplines, the terms "emotion" and "affect" are used interchangeably, which can
be a first point of confusion when trying to study emotions. Generally, affect is seen as
an umbrella term, describing multiple possible affective states that can be differentiated
through certain design features [52]-[54]. A selection of affective states with some of the
corresponding design features is collated in Table 2.1.

Emotions are seen as episodic affective states [56]-[58]. This means that they have a
fixed duration with varying emotion-specific onset and offset periods of a certain intensity

[55]. Differently to states like mood, stances, or attitudes, emotions are characterized by
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A [edtive Intensity Duration Change Event Focus
States Rapidity

Emotion medium to high low high high

Mood low to medium  medium medium low

Stance low to medium  low to medium high medium

Trait low high absence absence

Table 2.1: Affective states with some of the identified design features (see [52], [53], [55]).
Event focus refers to the connection of the state to a triggering event (see also affect inten-
tion [53]). More potential design features include the synchronization between organismic
subsystems (Chapter 2.1.3), behavioural impact, and appraisal involvement [55].

a rather short duration, and a high (and rapidly changing) intensity [52]. One additional
aspect is the strength of the connection to a triggering event. While affective states such
as traits are independent of triggering events, emotions elicitation is based on some form
of interaction with an event [52], [54]. While design qualities can be used to differentiate
between qualitatively different affective phenomena, it is important that some of these
qualities also differ between emotions to a certain extent [55|. However, making clear
statements about emotions becomes much easier if each is considered as a specific short
and often intense affective experience that can rapidly change and is deeply connected to a
triggering event. While states like mood and stance seem valuable as concepts to explore
when talking about affect in games, they may potentially be researched independently
from emotions due to their different features which influence theoretical assumptions about

function, elicitation, and modelling of these states.

2.1.2 Theoretical Perspectives

Even when focusing on emotion as the affective state of interest, questions regarding func-
tion, elicitation, and modelling will receive different answers depending on who is asked.
There are multiple traditions of viewing emotions in often completely different ways and
modern emotion research provides considerable empirical evidence for each perspective.
Over the years, the classical theoretical traditions converged in many ways, but there are
still highly contradicting aspects in their approaches that cannot be satisfactorily resolved.
As a consequence, each perspective will be presented and discussed to provide a compre-

hensive overview of the state of psychological emotion research.
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2.1.2.1 The Dimensional Perspective

Historically, the most important criterion of distinguishing emotions was the pleasantness-
unpleasantness dimension [59]. The idea to classify emotions on a scale representing posi-
tive and negative emotions developed into one of the most accepted classification criteria
and inspired highly-used diagnostic tools, such as the Positive and Negative Affect Scales
(PANAS) [60]. Building upon such a unidimensional model, Russell [61], [62] popularized
the circumplex model of affect (Fig 2.1) which added a dimension for activation or arousal,
giving the classification more depth while also providing means of distinguishing between

emotions with very similar valence, i.e. with a similar feeling of pleasure.

Some dimensional models also include the dimension of dominance, which is described
as a feeling of agency and influence [64]. The pleasure-arousal-dominance (PAD) model of
emotion as the basis of highly influential instruments used in emotion application studies,
such as the self-assessment manikin (SAM [65]). Recent support for dimensional models of
emotion relies upon evidence that patterns of neural activity [66] or peripheral physiological

responses [67] map onto such independent emotion dimensions.

High arousal
tense 4 alert
nervous excited
stressed elated
upset happy
Low Valence « » High Valence
sad contented
depressed serene
lethargic relaxed
fatigued ¢ calm

Low arousal

Figure 2.1: Graphical illustration of the circumplex model, adapted from Posner [63]
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Reference Fundamental Emotions Basis for inclusion

James [68] Fear, grief, love, rage Bodily involvement

Watson [69] Fear, love, rage Hardwired

Arnold [70] Anger, aversion, courage, dejection, de- Relation to action tendencies
sire, despair, fear, hate, hope, love, sad-
ness

Izard [71] Anger, contempt, disgust, distress, Hardwired

fear, guilt, interest, joy, shame, surprise
Plutchik [72] Acceptance, anger, anticipation, dis- Relation to adaptive biologi-

gust, joy, fear, sadness, surprise cal processes

Ekman [73] Anger, disgust, fear, joy, sadness, sur- Universal facial expressions
prise

Gray |74] Rage and terror, anxiety, joy Hardwired

Panksepp [75]  Expectancy, fear, rage, panic Hardwired

Tomkins |76] Anger, interest, contempt, disgust, dis- Density of neural firing

tress, fear, joy, shame, surprise

Table 2.2: Selection of proponents of discrete emotion models, their collection of funda-
mental emotions, and the basis for inclusion for these emotions by Ortony et al. [77].

2.1.2.2 The Discrete Perspective

In contrast to dimensional models, discrete emotion models argue for specific and distinct
emotion expressions and action motivations. They originate from the pioneering work of
Charles Darwin |78], who described lexical emotion terms based on potentially distinct
functionality that resulted from evolutionary needs. Modern descriptions of discrete emo-
tions have been popularized by the works of Tomkins |76] and Izard [79], which resulted in
the common description of basic emotion categories. Another famous proponent of such a
view is Ekman, who provided evidence of universal and therefore culture-independent facial
expressions [33]. This has led to the view of emotions as fixed, often biology-dictated con-
structs. Neuropsychological circuit models mirror this idea by arguing for emotion-specific
neural networks for certain emotions, which resulted from an evolutionary necessity [80],

[81].

Many proponents of discrete emotion models argue for a collection of fundamental
emotions [77]. A selection of some of the most influential research works, their defined
fundamental emotions, and their basis for inclusion can be seen in Table 2.2. Today,
fundamental emotions are seen as distinct categories or families of emotions and include
emotions such as anger, fear, joy, sadness, and disgust. One such model is the cone model

by Plutchik (Figure 2.2) which uses eight primary emotions to categorize emotion families.
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Figure 2.2: Graphical illustration of the cone model with distinct categories by Plutchik
[82]. The vertical dimension represents intensity, and the circle represents similarity among
emotion families that are categorized through eight primary emotions: Rage, vigilance,

ecstasy, admiration, terror, amazement, grief, and loathing.

2.1.2.3 The Constructivist Perspective

The constructivist perspective views emotions as socioculturally determined patterns [83].
A primary factor according to this view is the sociocultural context of situations that
elicit emotion through a social interaction. This perspective explains underlying emotional

structures resulting from culture-dependent lexical expressions (e.g. [84], [85]).

Contemporary constructivist models of emotion argue that although the “raw materi-
als” of affect are innate, the emergence of a specific emotion is dependent on individual,

situational, and culturally specific categorizations [38]. Neurobiological evidence suggests
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that specific brain regions do often not correspond to distinct emotional states but rather
that multiple more general brain networks are active when experiencing emotions [86], i.e.
that emotional experiences are "constructed" through general brain network patterns given

a certain context.

2.1.2.4 The Cognitive Perspective

The cognitive perspective puts emphasis on the assumption that emotions are elicited
through cognitive evaluations of situations [55]. This idea has been prevalent since ancient
philosophers such as Aristotle proposed that differences in emotions stem from differences
in beliefs, e.g. one emotion might be labelled anger if it followed a belief of being wrongly
accused or shame if it followed a belief of being responsible for something regrettable [87]. In
the 1960s researchers like Arnold [70] and Lazarus [88] popularized the concept of subjective
and cognitive appraisal of a triggering situation leading to an emotional reaction in modern
psychology. According to Lazarus, the appraisal process includes certain appraisal criteria,
such as the significance of an event and the believed ability to cope with such an event
that relates to specific emotional patterns.

More contemporary research views appraisal as a more "theme"-based approach, mean-
ing that themes in appraisal generate a number of fundamental emotions [89]. Modern
appraisal theorists see appraisal as a central emotion component that functions often au-
tomatically (i.e. not controlled, rapid, and unconscious), but can also function nonauto-
matically (i.e. controlled, slow, and conscious) [36]. The process involves the context of
a triggering event, as well as individual concerns, history, thoughts, and experiences. The
expression of an emotion is determined by how a given situation is appraised which leads

to both interindividual and intraindividual differences [90].

2.1.3 Common Contentious Aspects of Emotions

Because different theoretical perspectives argue about emotion mechanisms regarding func-
tion, underlying structure, and differentiation, many aspects of emotions are currently not
fully understood and our view of these aspects is subject to change with further research.
There are a few main points of discussion in modern emotion literature which exemplify
the disagreement on fundamental assumptions. It is important to discuss these specific
instances to illustrate how examples of applied emotion research could radically differ on

a theoretical level, even though the general aim of such applications (e.g. the integration
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Perspective Major Focus Elicitation Di Cerentation
Mechanism Mechanism
Dimensional Underlying Rarely directly Degree of similarity on
dimensional addressed; based on dimensions such as
structure triggering situation valence and arousal
Discrete Fixed and Functional reactions Discrete
discrete emotion based on specific neuroanatomical
categories and situations circuits or motor
expressions programs
Constructivist ~ Emotions as Cultural interpretation  Socially shares,
sociocultural of situations prototypical
constructions representations
Cognitive Appraisal as a Appraisal based on Reaction pattern based
central cultural and individual  on appraisal criteria
determinating differences
component of
emotion
expression

Table 2.3: Summary of major foci of emotion theory perspectives, with explanation for
emotion elicitation, and differentiating factors. Adapted from Scherer [28], [55]

of emotions in computer programs) might be shared.

2.1.3.1 Underlying Structure

Most notably, regarding the underlying structure of emotions as dimensional or discrete
has many implications on how emotions can be differentiated. Most dimensional models
agree on the dimensions of valence and arousal (some also include dominance or action
tendencies) as primary scales that make emotional states comparable and map them onto
a continuum [64]. Discrete emotions on the other hand are seen as distinct categories (such
as anger, sadness, etc.) that do not map onto shared dimensions and dimensional descrip-
tions might only be within certain category-specific components (such as the intensity of
subjective fear feeling) [91].

The main implication of this uncertainty is the potential problems in describing and
measuring emotions. For example, measures of peripheral physiology focusing on the auto-
nomic nervous system (ANS) have been found to inconsistently reflect distinct emotional
states in a meta-analysis by Cacioppo et al. [67]. Rather, such measures (for example
heart rate monitors) can be used to infer dimensional emotional information, most notably
arousal, but also to some degree valence [67]. Behavioural measurements, however, such

as facial or body behaviour may convey valence information [32] but has also a significant
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specificity for discrete emotional states (see e.g. [92]). Additionally, while emotion terms
(and therefore subjective ratings) can be quite intuitively mapped onto one or more dimen-
sions (for example in the circumplex model [63], see Figure 2.1), several findings support
the notion of emotion-specific properties, such as the unique involvement of the insula in
disgust processing [93]. Quite often, the underlying structure of emotion is assumed based
on the possibilities dictated by measurement instruments, making both dimensional and
discrete views prevalent and arguably equally important [91]. It is however crucial to ac-
knowledge that neither one nor the other approach can currently be considered as the true
underlying structure of emotion and a joined theoretical approach of both perspectives
would need clear and universally agreed upon criteria that do not yet exist [94].

As it currently stands, the choice of an instrument often dictates assumptions about the
underlying structure of emotions, while it is in truth still unknown. To further strengthen
our understanding of emotions, this theoretical deficiency needs a clear acknowledgement,
especially when emotion theories and their corresponding assumptions are being applied

within other fields.

2.1.3.2 Basic vs. Constructed Emotions

Another point of disagreement is whether emotions represent universal, innate categories
or social constructions. Although modern theories agree that both biological and socio-
cultural factors play a role in the development and expression of emotions, there are still
fundamentally different views regarding the importance and roles of those factors.

Following the logic made famous by Ekman [73], researchers arguing for the existence
of basic (or universal) emotions, build their theories on findings supporting across-culture
emotion expressions, especially in the face [33], [95], and neurophysiological data examining
affective processes related to "old", evolution-shaped systems in the mammalian brain
[96], [97]. In this view, emotions are considered hardwired and universal, especially on an
unconscious (or "deep") level, while cultural influences begin to play a role on a conscious,
second-order level [34], [97].

As illustrated in Chapter 2.1.2.3, the constructivist perspective argues for emotions as
sociocultural constructions that do not emerge from innate emotion-specific brain patterns,
but that the brain provides mechanisms for affective learning, leading to the construction
of emotions within cultural and social contexts [38], [86].

Again, arguments can be made (and are still being made) for both perspectives, al-
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though they interpret the nature of emotion completely differently. Basic emotion theories
often explain the functions of emotions through an evolutionary lens: Anger and fear lead
to approach and avoidance respectively and fulfil therefore different roles in behaviour
motivation, dictated by the biological development of humans [81]. Constructivist views
on the other hand see learning and sense-making as the main function of emotion, which
enables action tendencies, communication, and social influence within experienced inter-
actions [37].

This means that the nature of emotion changes depending on the theoretical perspec-
tive. Many questions still need answers before a model can explain all findings related to
the emergence and function of emotions and because of that, applications of these models

run the risk of inaccurate assumptions.

2.1.3.3 Summary

Because fundamental aspects of emotions are still the subject of debate, it is difficult to
make assumptions that are both immediately useful and resilient to changes in our under-
standing of emotions when applying these concepts to real-life applications. While a given
approach might seem expedient for a given design (e.g. dimensional models for biofeed-
back games), there is a risk of blindly assuming theoretical implications or disregarding
important implications of a given theory when modelling emotional reactions. Awareness
and acknowledgement of a model’s underlying assumptions are necessary for all applica-
tions of emotion research in other fields, both to anticipate higher-risk decisions and to

accommodate future developments in the field.

2.1.4 Theory Overlap

While many open questions in emotion research remain, years of work focusing on elicita-
tion, structure, and functions of emotions have led to various theoretical assumptions that
are more or less shared across emotion models. To enable practical applications in a field
with so many theoretical uncertainties, it is important to place special attention on the
key overlap between the discussed perspectives. In the best case, these overlaps should be
useful in making practical implementations, without relying on contentious assumptions
(for a comprehensive analysis regarding theory convergence for psychological research, see
28).
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2.1.4.1 Emotions consist of multiple components

Most theorists acknowledge that emotions have multiple components and that these com-
ponents influence each other in various ways as depicted in (Fig 2.3). Commonly, emotion
components include physiological, behavioural, and subjective (feeling) aspects. Some re-

searchers also include components of motor expressions [98|, or emotion regulation [99].

While there is debate about the number and nature of emotion components, it is
generally assumed that emotions reflect patterns in componential expressions. For ex-
ample, both basic emotion theorists and constructivists would argue that physiological,
behavioural, and subjective aspects of emotions interact in many ways, although the exact

pathway may be unknown or debated.

Many modern theories regard these patterns as key emotion characteristics [35], [100],
and some even argue that emotion measurement techniques should capture multiple com-
ponents for a single emotion to reflect all relevant and distinct aspects [101]. More broadly
speaking, there is currently no measure for emotion, or "gold standard" as Mauss et al.
describe it [32]. Rather, different measures can map out different componential expressions

that can be used to infer specific aspects of emotional states.

Appraisals |«
Behaviour Physiological
response
Subjective
teeling

Figure 2.3: Simplified illustration of interactions between multiple emotion components.
Most models of emotion components argue for simultaneous interactions between compo-
nents and as a consequence their influence on each other in multiple directions (see e.g.

[98]), as illustrated with the double-sided arrows.
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2.1.4.2 Appraisal plays an important role

Emotions result from triggering events, which might be internal (like thoughts or memories)
or external (like situations). The notion of emotion appraisal is based on the assumption
that emotions are caused by subjective evaluations of such events with regard to their
personal significance and the organism’s ability to cope |[70], [88]. Generally, it is assumed
that an event is appraised on multiple variables, including goal relevance, goal congruence,
certainty, coping potential, or agency [36]. It is important to note that there are a number
of appraisal theories currently under discussion, all involving details that might not be
shared. While the fact that appraisal plays an important role in emotion elicitation is
currently recognized within all major theoretical perspectives, cognitive theorists claim
that the appraisal component is the primary elicitation component that acts on all other
components.

While this is not a generally shared assumption, the importance of appraisal is mostly
undisputed. The consensus seems to be that multiple pathways of top-down and bottom-
up processes interact in the development of emotions [102], which means that appraisal
leads to emotional expressions, but is at the same time influenced by other components.
Even within cognitive approaches, emotion elicitation is additionally still considered to be
highly automatic [90], even though reflective and controlled processes play an important
role [103]. This means appraisal includes different processing levels, e.g. automatic sensory-
motor processing, automatic perceptual and associative processing, and non-automatic and

rule-based conceptual processing [104].

2.1.4.3 Emotions are context-specific

Another shared view is the high emphasis on the role of context in the development of emo-
tions [105]. Following evidence for constructed emotion aspects, most modern researchers
emphasize that the context of the emotional material plays an important role in the ap-
praisal and expression of emotions [106]. For example, people sharing a close relationship
show similar emotional reactions compared to strangers [107] and culture has been shown
to have a big influence on the evaluation of emotional materials and emotions themselves
[108]. Furthermore, applied emotion research found that the environmental context of a
situation is an important factor in eliciting emotional reactions [109], [110]. For example,
how empathy can be elicited with HCI design techniques depends on the material used (e.g.

narrative, dialogue, or role-play) and the conceptualization of a user (e.g. as a participant
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or observer) [109]. In other words, emotion elicitation and expression are partly dependent

on the current state of the environment.

2.1.4.4 Emotions di [ed between individuals

Besides the influence of situational context, there are individual differences in the appraisal
of triggering events and expression of emotions. The same situation can be appraised
differently by different people, leading to different emotions [36]. Differences in personality
(such as high versus low-risk takers), affective states (such as moods or attitudes), and even
biological factors (such as sex) influence emotion processing on a neural and psychological
level [111]. Emotions, or emotional expression patterns are highly subjective, regardless
of how much the importance of affective learning is emphasized within a given emotion
theory. And the notion of a cognitive component (appraisal) provides explanatory power
to account for such differences. In other words, emotion elicitation and expression are

partly dependent on individual traits.

2.1.4.5 Emotions evolve over time

Emotions are dynamic processes. For example, a threatening situation can evolve from
anxious anticipation, to fear of a direct threat, to recovery from that stressor [112]. Some
emotional experiences linger while others are fleeting, and the transition between emotions
is not always discrete, allowing for the mixing of different emotional states [113]. Important
individual differences further affect the degree to which one can “move on” from a given
emotional state to another [114], [115]. Still, there is no consensus on the real limits of
when an emotion can be considered an emotion and not another affective state. With all
this in mind, emotion elicitation and expression are partly dependent on the progression

of emotional experiences within a certain time window.

2.1.5 Conclusion

In summary, emotion is a complex term with many uncertainties in its theoretical con-
ceptualization, but also with many well-developed characteristics that are shared between
even the most different philosophies. As expected from such a complex psychological phe-
nomenon, it is not easy to define or grasp what an emotion is. As Griffiths [116] puts
it:
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The proper response to current knowledge is that there is no object of scientific

knowledge which corresponds to "emotion".

There is no doubt that emotions do exist and that they can be described in their
structure, function, differentiating mechanisms, or in their expressions. But we are not at
a point where such a description could be seen as a scientific standard. Emotion currently
means many things both in our everyday lives and in the scientific discourse. Misuse or

misconceptions within this area seem almost impossible to avoid.

Still, progress is being made and will be made in the years to follow in an effort to
further our understanding of the human mind. Processes that prevent both misconceptions
and paralysis in light of these theoretical barriers become especially important in applied

emotion research.

In the case of player-game interactions, building a theoretical basis on shared assump-
tions in emotion perspectives provides the possibility to model emotions without limiting
the approach to one highly specific theory. Such a model would provide meaningful the-
oretical groundwork while staying robust to changes in our understanding of emotions.
Framing the game-player relationship in such a way would allow developers to focus not
only on established theoretical assumptions, but also on specific perspectives with all their
implications. FEither way, such an approach could reduce confusion that arises through

inconsistent or poorly justified applications of theoretical assumptions.

2.2 Design and Emotions

Emotion research is not only relevant for explaining psychological phenomena but also for
designing and building products that build an emotional relationship. This includes both
the research about how individuals feel or experience certain products and the research
about how products evoke certain emotions within individuals. In order to provide more
insights into the design of emotions in games, both of these questions have interesting
implications. It is therefore necessary to discuss the progress in emotion design (both
in general design and in game design) more deeply to gain insights into the affective

relationship between a product and its users.
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2.2.1 Design Research

For a long time, design research has been concerned with the emotional relationship be-
tween a product and a user and has introduced many frameworks to model this relationship.
Beginning in the 1990s, the emotional impact of designs gained importance, contrasting
a purely functional view on good design. There was high interest, both in the industry
(such as the technology industry) and in customers, to make products more engaging, more
authentic, and easier to use by building designs based on key consumer emotions [117]|. In
the following years, Desmet [118] proposed a product emotions model that contained 14
distinct affective reactions and used this to examine how products could elicit emotions.
They argued that there is no convincing relationship between a product and an emotion,
but rather a relationship between a product and the emotional reaction of a specific person
in a specific context. This means that while the process of eliciting emotions is universal,
the actual affective response depends on the appraised significance, which can be complex,
personal, and dependent on contextual factors like time or environment. The idea that
products can be designed from the perspective of being an experience for users established

itself as a key school of thought in areas like HCI [119].

Following such a view that puts high emphasis on contextual aspects of products, many
frameworks of user-product relationships on an emotional level emerged. One framework
in this area was proposed by Norman [24] who conceptualized three levels of design: the
visceral level, behaviour level, and reflective level. He argued that designs would affect
responses based on these different levels of information processing; i.e. intuitive responses
and first impressions on the visceral level, consumption actions on the behaviour level, and
reflection of experiences on the reflective level. For Norman, the psychological mechanisms
in evaluating a product played a central role in making informed design decisions.

Similarly, the framework of product experience (Fig 2.4) describes three levels of expe-
rience: aesthetic experience (i.e. the sensual pleasure resulting in a product interaction),
attribution of meaning (i.e. the cognitive evaluation of a product which depends in indi-
vidual and cultural differences), and the emotional experience (i.e. the elicited emotions
based on appraisal, following the first two levels). This framework aimed to provide useful
patterns for designers for each of these levels to find more control in product design for
emotion elicitation [120]. While also acknowledging underlying psychological mechanisms
within the three levels, this framework emphasized the interaction between a product and

user, rather than the levels of processing within a user.
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The process of designing to elicit an emotional response became known as Emotional
Design and was communicated via channels like style, function, form, and usability based
on users’ needs and demands [121]. A key aspect of this process is user-centred design,
meaning a clear understanding of the target user requirements and the context of use
for a product [122], mirroring the importance of individual, sociocultural, and situational
differences in emotion elicitation. Methods like interviews, questionnaires, focus groups,
observations, and simulations were recommended for both understanding users at the be-

ginning of a design cycle and evaluating the design at the final stages [122].

These principles were applied by different studies to showcase how a design could ben-
efit from focusing on emotional value. For example, Desmet et al. [22] showed that a
"wow-effect" could be elicited in the design of a cell phone in three steps: First, a us-
able emotional conceptualization of the wow effect, then the combination of qualitative
and quantitative research to provide rich knowledge of products that elicit similar expe-
riences, and third, the focus on the product’s character instead of the features to form a
deeper relationship. This process showcased an application of how design work could be
achieved with a focus on product experiences. Similarly, there are various examples where
emotional design was applied to be appealing first, functional second, and finally create

a relationship with the user for higher emotional impact [123], [124], often mirroring the

emotional
experience

USER PRODUCT

experience
of meaning

aesthetic
experience

\ user-product interaction /

Figure 2.4: Illustration of the framework of product experience by Desmet and Hekkert

[120].
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three design levels of Norman [24]. Many studies provided evidence for the utility of such
approaches, especially regarding the importance of aesthetic appeal and reflective meaning.
For example, Sonderegger and Sauer [125] found that aesthetic appeal had an influence on
usability ratings in a phone application; and Olsson and Salo [126] provided an extensive
qualitative analysis of meaning-related concepts in Augmented Reality (AR) and mobile
applications.

To summarize, product experience design puts an emphasis on the relationship between
a product and a user and tries to evoke emotions through the design of the product’s char-
acteristics that in turn influence psychological mechanisms on different levels of information
processing, reaching from highly automatic, fast, and unconscious to controlled and reflec-
tive. An important part of this theoretical model is that this relationship is dependent
on the user, their expectations, preferences, personality, and even their current affective
state [117], [122], which further implies the relevance of circumstance when analyzing this

relationship.

2.2.2 Game Design

Naturally, the interest in emotions when designing products has been represented in the
game industry since the very beginning, as games were considered entertainment prod-
ucts with the main purpose being the creation of positive experiences [127]. Salen and
Zimmerman’s influential book Rules of Play: Game Design Fundamentals [128| discusses
various game design concepts (such as rules, play, and culture) that are used to address
second-order design problems, i.e. the indirect design of player experiences by directly de-
signing game rules and environments. More precisely, game experience is seen as a direct
consequence of player interactions with game materials and through these interactions,
experiences are always evoked [128].

Adding to the notion that PX is the focal point of game design, Schell’s The Art of Game
Design [21] describes strategies that are based on their impact on players, arguing that the
whole process of game design should be built around the elicitation of target experiences.
This notion has been established in the game industry and provided a working framework
for big studios to develop games in a large team by deliberately making decisions for the
design of experiences [129]. As a consequence, many tools have been developed to describe
techniques for emotional PX design, for example, Freeman’s Emotioneering [130] that

provides methods to design specific game elements, like Non-Player Characters (NPCs),
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dialogues, worlds, or plots.

In line with the concepts of PX design, Isbister [131] described game elements that can
be speci cally used to evoke certain emotions. She argues that games have two unique
qualities that are not found in other media and should be the focus point of emotional
design in games: The rst quality is choice that brings the player close to the action of a
game and holds emotional potential that can be supported by the use of avatars, NPCs,
customization, social play, physical movements, and communities. Choice is often used in
relation to player agency or processes that make an impact in the game world that can result
in meaningful emotional reactions [132]. The second quality is ow, originally described by
Csikszentmihalyi [133], describing a state of concentration, and deep, immersive enjoyment.
Chen [134] argued that each game can evoke an optimal ow state by balancing challenge

and player abilities, which would maximise engagement and enjoyment for each game.

These models often very closely focus on positive game experience, "enjoyment” and
"fun”, but have been criticized for the often inexact or inconsistent relationships between
each other and with psychological constructs relating to enjoyment and fun [135]. The
player experience of need satisfaction (PENS) [17], [136] model chooses a di erent ap-
proach by utilizing a more motivation-oriented explanation grounded in self-determination
theory (SDT) [137]. It explains game enjoyment through intrinsic motivation that sat-
is es basic psychological needs: Autonomy (the experience of acting through own choice
in congruence with own goals); competence (the experience of achieving desired change);
and relatedness (the experience of connection with others). While SDT has a lot to o er
in terms of explaining player motivation and enjoyment, it cannot account for the full

emotional relationship that makes up player experiences.

Consequentially, recent e orts have been made to integrate existing knowledge about
the design of emotional reactions from product experience research and make them usable
in a game design context. For example, some studies provide adaptations of Norman's
[24] three design levels speci cally for game design [138], [139], arguing that games should
make speci ¢ emotion elicitation decisions on a visceral, behavioural, and re ective level.
The Mechanics, Dynamics, and Aesthetics (MDA) framework [140] is a popular game
design framework that focuses on aesthetic game content as a central design component
to elicit emotions and proposes an iterative approach to design for the aesthetic aspects
of games. It also provides taxonomies of game elements that are potentially related to

emotional reactions (such as narrative and challenge) and models how they relate to game
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systems. Similarly, the Mechanics, Dynamics, Emotions framework (MDE; see Figure
2.5) [49] builds on the MDA to propose a model of gami cation design. The emotion
component here describes a player's state of mind and is used to explain the importance of
emotions for a game experience in relationship to game dynamics and mechanics. While
these frameworks integrate the concept of emotions as a crucial design component within
a game, they are not concerned with the psychological nature of emotions or the a ective
interaction between player and game, meaning that they put emphasis on the value of
emotion in game design, but do not integrate underlying psychological mechanisms in

their frameworks.

Figure 2.5: lllustration of the MDE framework by Robson et al. [49]

Beyond theoretical models of game experiences, there are many practical frameworks
providing methodological tools to help shape game experience design. Deterding [135]
reviewed both academic and industry methods for gameful design and presented explicit
ways to design for target experiences, such as design lenses and skill atoms. Pichlmair and
Johansen [141] conducted an analysis of game design practices that relate to the "feel" of
a game, which draws from research concerning the elicitation of speci ¢ a ective reactions.
They identi ed three main strategies to shape game feel that are currently used: Tuning
the physicality of a game; juicing as the act of amplifying game moments; and streamlining
support mechanisms to enable players to realise their intentions.

While there are many frameworks modelling the close relationship between emotion and
game design, there are still many open questions, speci cally about the integration of and

application of psychological conceptualizations of emotion components (especially beyond
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motivation and enjoyment). Questions include for example how game-related emotions
occur, how they can be measured, and how this information can be used to assess players'
emotional reactions to a game, as well as how such information can be used to make
more targeted a ective design decisions or inform emotion theories. Some answers to these
guestions have been attempted in the discipline of computer science, speci cally in a ective

computing.

2.3 A ective Computing

As a discipline, a ective computing has been a prominent topic within HCI research and
explored the measurement of and reaction to user emotions by a computer system [42].
A ective computing is therefore concerned with the interactional relationship between tech-
nology and users that has the potential to provide optimal emotional experiences by taking
the current a ective state of the user into account. In an early work on the topic, Rosalind
Picard discussed a ective computing and its potential to address conceptual uncertainties
present in emotion research by focusing on pattern recognition (either physiological or be-
havioural) and describing emotions in a reasonable manner, without making assumptions
about underlying structures [42]. In the following years, much progress has been made

that brought the discipline of a ective computing into gaming.

2.3.1 A ective Gaming

In an e ort to bring a ective computing research to games, Hudlicka [41] described princi-
ples and current issues of the three main components of a ective games: Emotion sensing
and recognition, computational models of emotion, and emotion expression or adaptation.
Building on this, she outlined requirements for an ideal emotion engine that could accu-
rately measure and interpret emotional data from the player and feed it into a model, as
well as create realistic emotional behaviours for NPCs [142]. A ective design in general is
therefore mainly concerned with addressing these requirements and developing solutions

within three a ective tasks:

1. Emotion Sensing: Lux et al. [143] identi ed 76 studies that use biofeedback devices
as an a ective measurement, ranging from measures of cardiovascular activity to elec-
trodermal activity, body movement, or respiration. For games speci cally, common

measurements include physical measures like body movement; physiological measures
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like skin conductance, heart rate, muscle movement, or brain waves; and observation
measures like facial or vocal expression [144]. Currently, there is no universally ac-
curate instrument to measure emotions and recognition methods depend on emotion
model assumptions, individual di erences, and context. Furthermore, measurements

are often seen as invasive, expensive, and unpractical [145].

. Computational Emotion Modelling: Models of emotions are most commonly re-
searched in arti cial intelligence game studies with the main aim being the develop-
ment of realistic a ective game agents. In a recent review, Hamdy and King [146]
collected requirements to develop emotional agents and provided an overview of com-
putational emotion models. They pointed out that models often have to simplify the
complex nature of emotions and are also quite costly and di cult to develop. Sim-
ilarly, Hudlicka [39] found that models often do not address detailed implications of
psychological theories. They concluded that in order to t with modern, complex
theories of emotion, believable and realistic agents need to address theoretical uncer-
tainties rst, meaning that more systematic and integrative research is necessary. In
a systematic review by Wang et al. [147], current practices in emotion modelling for
a ective computing and their implications were described, uncovering methodological

di culties present in the eld.

. Adaptation: Finally, research considering emotion adaptation focuses either on a ect-
based changes in agents or the game world [47]. Agents are again used to express
emotions based on the underlying model and showcase mostly "believable" emotional
behaviour, while the game world is speci cally designed to reinforce a target emotion.
For example, adaptive di culty has been used to limit frustration [148], and adaptive

camera movement has been used to augment a game's narrative [149].

In order to facilitate research addressing these tasks, Yannakakis and Paiva [47] pro-

vided descriptions of three game system modules: an emotion detection module (a module

to measure and model player emotions), an adaptation module (a module to adapt the

game world to these player emotions), and an elicitation module (a module to elicit target

player emotions). These modules are embedded into a shared high-level concept of the

emotional interaction between player and game, known as the a ective feedback loop [27],

[44], [47]. The closed nature of the loop is emphasized, as the ongoing adaptation of the

game system to the changes in players' emotions is argued to be a unique characteristic of
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games compared to other mediums [150] and is also generally believed to facilitate emo-
tional bene ts, such as health bene ts, more accessible games, new gameplay opportunities,
and higher enjoyment.

Figure 2.6 shows the technical implementation of an a ective feedback loop as presented
by Bontchev [44] in an example of a biofeedback game: Physiological data is measured via
a sensor, detected and then interpreted via negative feedback control. The measured data
is compared to optimal data and the di erence is seen as an error. The game then adapts
to reduce this error by changing the game stimuli (in this example the game's di culty)
and so dynamically adapts the game based on the player's emotions. In turn, the new
game stimuli evoke an emotional reaction that is continuously measured in a closed loop.

Using such an approach, a number of a ective games have been developed and re-
searched, often providing evidence for the bene ts of emotion-adaptive games [40]. These
bene ts fall into four main categories: (a) both mental and physical health bene ts as a re-
sult of new adaptive training opportunities [151] [155]; (b) more accessible games with sim-
ilar experiences for every player [148]; (c) new gameplay opportunities, like body-response
control games or a ective user interfaces [156], [157]; and nally (d) more emotionally
impactful and immersive games [142], [158].

However, because of the current technical limitations, theoretical uncertainties, and
poor representation in commercial games, there are problems to solve in the eld of a ective

games before these benets can be considered applicable for wider use. Not only are

Figure 2.6: lllustration of the technical implementation of an a ective feedback loop
adapted from Bontchev [44]. Physiological data is measured at time (indicated as r(t)
at an optimal set-point level (r0); s(t) is the adapted game stimuli (e.g. di culty level) in

time t; (t) is the error, i.e. the di erence betweenrO and r(t) .
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conceptual uncertainties present regarding emotion research, but the nature of a ective
games and how they can be developed is still a eld that needs further attention. For
example, a ective games were originally seen only as biofeedback games [159] and are
often still associated with that history, although later de nitions focus more generally on
adaptivity to unconscious or conscious emotional data [41], [148]. Such de nitions could
arguably include games that are adaptive in certain areas, such as open-world games like
Red Dead Redemption Il [160] or Cyberpunk 77 [161] that change their narrative and game
world depending on in-game behaviour or, to a limited extend all games with multiple
di culty settings. Nevertheless, a ective games are mostly presented in the literature as

a certain type of game that measures and reacts to primary emotional data [44]. This
conceptualization limits game design decisions that might tap the aforementioned bene ts
of a ective games. Adaptivity to primary emotional data is limited by various theoretical
and technological barriers that might discourage design interventions when it comes to
the broader idea of a ective games. There is therefore a potential to further examine the
interactional relationship between game and player that is represented in a ective games

in a more universally applicable way.

2.3.2 A ective Games and Emotion Models

In a review from 2016, Brontchev [44] analyzed 14 video games that integrated a ect-based
adaptation techniques. They found that a ective-adaptive games generally were e ective
in achieving goal-oriented changes (e.g. more enjoyment while playing). However, because
of often incomplete internal models of a ective player behaviour, they conclude that there

is much more work to do to achieve a complete and realistic system for a ect adaptation
in video games. In a systematic review from 2020 Robinson et al. [40] analyzed 162
biofeedback game studies and found e ects not only for player engagement but also for
treatment in health-related a ective games. However, they also note that many a ective
game studies show insu cient critical re ection, both in terms of how technological limits
are reported and how rigorous evaluation is executed.

In addition to these problems, there is a limited body of work inspecting the relation-
ships between a ective games and psychological emotion research. This topic has however
a big in uence on how a ective games can be classi ed within a scienti ¢c context. Depend-
ing on the methodology, a ective games often make assumptions about emotion models

that can potentially be very speci ¢ and include debated aspects.
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For example, to make use of biofeedback data, emotions are most commonly considered
in a dimensional perspective and measured in their expression of valence or arousal in
games using physiological data [162]. In a review of psychophysiological methods in game
research, Kivikangas et al. [163] speci ed the dimensional model as a standard for a ective
biofeedback games. Similarly, Robinson et al. [40] scoped their systematic review of
a ective games to the use of a dimensional emotion model as physiological measures are
most commonly restricted to valence and arousal dimensions. In fact, they de ned "a ect”
as the connection between purely physiological states (such as physiological arousal) and
mental states (such as relaxation). In other words, a ect is considered as the mapping
between physiological and mental states based on Russel's circumplex model [61], so by
de nition existing only in a dimensional space that can be mapped to emotion labels, which

is heavily criticized by many emotion researchers [32].

The predominance of dimensional emotion models in game research can be seen as a
consequence of the often physiologically based methodology and the aim to make a ective
data easy to interpret. While most studies in this area report enhanced player experiences
by utilizing a dimensional a ective game system [40], they do not represent the full range
of emotional phenomena and many modern researchers highlight the risk of making strict
inferences from arousal or valence values to emotional states [91], [164]. Potentially even
more problematic are models that map dimensional values onto distinct emotional states
(e.g. interpreting low valence and high arousal as the distinct state of fear) as such an
approach is contested by many psychological theorists (see Chapter 2.1.2 for more infor-

mation).

But there are also game studies applying di erent emotion-theoretical perspectives.
A ective games using cameras to capture facial expressions for gameplay control often
base their classi cation on basic emotion models (e.g. [157], [165]), often building upon
the theoretical work of Ekman [33] associating facial expressions with universal emotions.
The emotional outputs are used both as distinct states (e.g. [157]), or mapped onto
dimensional models to make inferences easier to interpret and combine face recognition

techniques with other physiological measures [166], [167].

Following a more constructivist approach, interactional a ective computing models,
like the one from Boehner et al. [168], propose methods to interpret emotions based on the
situational context within human-computer interaction and not based on their physiological

expression. This view was adopted by many User Experience (UX) focused studies [169],
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[170] and studies on emotional agents within video games [171], [172] that model, interpret,
and evaluate emotions from a purely interactional perspective.

Finally, game research that is focused on modelling emotional NPC behaviour, such as
GAMYGDALA [173] or the works of Hudlicka et al. [39] implement cognitive models of
emotions by introducing appraisal-based mechanisms into the design of game agents. While
this is an area that sees more and more contributions, there is again often a mapping from
appraisal patterns to distinct emotions (e.g. [173]). While deterministic mapping from
appraisal to emotions could be an e cient way to model agents, it does not re ect the

complex pathways of top-down and bottom-up processes in human emotions [102].

2.4 Conclusion

This chapter illustrated and discussed key literature in the disciplines of psychological
emotion research, design, and a ective computing to provide a theoretical background for
how the relationship between emotions and games is currently being modelled and applied.
There are many research directions working towards our understanding of emotional states,
our ability to design emotional experiences, and possible methodological solutions to model
emotions and adapt systems to them. These directions promise to facilitate great bene-
ts for both research and design with further contributions to our understanding of the
emotional relationship between players and games.

Still, there are many problems in each discipline, ranging from theoretical uncertainties
to technical limitations. Itis not yet clear what emotions are and how they can be measured
and modelled within computer systems to yield the best results. Because research on
theoretical models and on applied solutions are being developed continuously, it is also often
not clear in what ways these two directions overlap or contradict each other. Emotions
and games are complex constructs - and only an awareness of these complexities can lead
to a better understanding of their interactions.

To maximize the potential contribution in the eld of a ective video games, there is
therefore a need for clear standards, both in theoretical grounding, as well as in method-
ological rigour. Building on such e orts, it might be possible to provide improved technical
solutions backed with strong empirical data and therefore ultimately better systems uti-
lizing all aspects of the emotional video game-player interaction. In order to achieve this,
we need to truly understand a ective games: How do they measure and model emotions?

What bene ts can we expect? And how are they a ected by the current state of theoretical
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and practical barriers in all their connected elds? A systematic approach to answer these
guestions could lead to directed solutions and ultimately to better applications of a ective

human-computer interactions.
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Chapter 3

The Theory-Practice Gap

"What does his lucid explanation amount to but
this, that in theory there is no di erence between

theory and practice, while in practice there is?"
Benjamin Brewster [174]

As Chapter 2 demonstrates, there is a great deal of research on emotion, on the a ective
relationship between players and games, and on methods for adaption that make adaptive
video games possible. Proposed bene ts include the potential to enhance player enjoyment,
learning or mental health bene ts, and new ways to experience games. Still, there are
many potential issues that need investigating, especially in terms of theoretical models and
methodological approaches. It is not yet clear how well emotion-adaptivity facilitates the
proposed bene ts compared to other types of games and what methodological approaches
could be used to create adaptive games. Therefore, a systematic review is presented here
that investigates the current state of a ect-adaptive games research in order to uncover

the biggest barriers in the eld.

3.1 Aims and Research Questions

Prior reviews have found promising e ects for emotion-adaptive games [44], [45] and re-
ported an extensive overview of ndings and methods speci cally for physiology-based
games [40]. A similar understanding of the reported e ects of emotion-adaptive games
would be very valuable in assessing the bene ts and risks involved in the design and de-
velopment process. It is currently not clear how emotion-adaptive games perform against

control conditions, what outcomes (such as health bene ts or player enjoyment) are being
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investigated, and how large reported e ect sizes are. Furthermore, it is not clear in which
ways a ective games are grounded in psychological theories, given the theoretical disagree-
ment in the eld. If the true nature of emotions is still not fully explored, how are emotions
structurally represented in games and how are they being manipulated? The current prac-
tice in developing and researching a ective games needs to be tested given the potential
theoretical and practical issues, outlined in Chapter 2. How a ect-adaptive games address
these issues and base their mechanisms on emotional theories is a valuable question in
assessing their impact on psychophysiological bene ts. Additionally, the quality of pro-
vided evidence for the e ect of emotion-adaptive games in terms of their methodological
approaches is not yet clear and may further provide important data to evaluate the true
potential of a ective games.

To my knowledge, this is the rst systematic review that analyses a ect-adaptive video
game studies in terms of (a) the e ect of adaptation; (b) the theoretical assumptions
regarding emotions; and (c) the quality of the evidence regarding evaluation of such studies.
This study tries to address these gaps by systematically analyzing the available research

body of a ect-adaptive video games to answer the following questions:

1. RQ1: What evidence is there for the e ectiveness of game adaptation to
player emotions?
(&) How many studies evaluate the e ect of a ect-adaptation within a video game?
(b) What dependent variable is used to indicate adaptation success?
(c) What empirical evidence is reported as part of the evaluation?
2. RQ2: What emotion theoretical assumptions are being applied to build
a ective adaptation?
(a) How are target emotions de ned? What theories are used?
(b) What measures are used to indicate a ective states and how are they tested?

(c) What material is used to elicit emotions and how are they tested?
3. RQ3: How are a ect-adaptive games being evaluated?

(&) What sample characteristics are provided?
(b) What control condition is used for the evaluation?

(c) What are the characteristics of the methodology?
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3.2 Methods

This review follows the guidelines of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA [175]). All studies that empirically evaluated an a ect-
adaptive video game by comparing the a ect-adaptive game to a control condition were
considered for inclusion. A protocol for the study was preregistered on the Open Science
Framework (OSF [176]) before data screening commenced, but after the initial database

searches, which were conducted rst to assess the scope and feasibility of the study.

3.2.1 Data Collection

Electronic databases were searched on April 8th 2022. Databases that are relevant to in-
formation technology, health, and social sciences were chosen, which include: ACM Digital
Library (n = 561), IEEE Explore (n = 824), Science Direct (n = 53), and Scopus (n =
2490). Additional studies (n = 2) were identi ed through reference lists of relevant studies
[40], [44], as well as through searches on Google Scholar. The database searches returned

a total of 3,930 papers.

3.2.2 Search Terms

Search terms were chosen based on three necessary study characteristics, namely (a) it
had to include a video game, (b) it had to include some kind of adaptation, and (c)
this adaptation was based on emotion. The string for the rst characteristic was based
on common practice in similar studies (e.g. [40]) and included GAME* OR GAMING.
The search string for the second characteristic was based on game adaptation literature
that used synonyms for adaptation processes and included ADAPT* OR MODUL* OR
ADJUST*. Lastly, the string based on the third characteristic was based on a ective com-
puting studies and terms used for emotions or emotional components, namely: AFFECT*

OR EMOTION* OR VALENCE OR AROUSAL OR EXPERIENC*.

3.2.3 Inclusion Criteria

This review aims to investigate the reported e ect of a ective-adaptive games and how
these e ects are being empirically evaluated. Therefore, it focuses on high-quality compar-

ative studies, leading to the following inclusion criteria:

1. Peer-reviewed papers (including conference papers)
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2. Full-length papers
3. Available in English or German
4. Test an adaptive video game based on a ective information

5. Evaluates the adaptation e ects empirically against a control condition

3.2.4 Exclusion Criteria

Following the reasoning to provide insight into high-quality work in the eld, studies were

excluded if they showed one of the following characteristics:

1. Do not include an empirical study (i.e. reviews, study protocols, ‘work-in-progress')
2. Evaluate only through qualitative or descriptive means
3. Do not compare to a control condition that is not a ect-adaptive

4. Evaluate only based on case studies (de ned as N < 5)

It is important to note that all non-a ect-adaptive control conditions were included
in the study, including performance-adaptive or non-adaptive games that were tested in
a within-design. Additionally, it was not a necessary criterion to include randomized
condition assignment, for example in quasi-experimental designs. Evaluations therefore

did not need to consist of randomized controlled trials (RCTs) to be included.

3.2.5 Data Analysis

The initial search returned 3,930 papers, 755 of which have been identi ed as duplicates
and were removed. Title and abstracts were screened by the principal investigator and
papers that demonstrated a clear mismatch to any of the relevant research questions (e.g.
papers that don't involve video games or HCI in general) were excluded, leading to the
removal of another 2,965 papers. The 210 remaining papers were assessed by reading the
full texts of the papers and coded in regards to the inclusion and exclusion criteria. Out of
these papers, 32 were excluded for not involving an empirical study, 7 were excluded for not
involving a video game, 38 were excluded for not involving an adaptation, 55 were excluded
for not basing the adaptation on a ective data, 36 were excluded for not evaluating the

e ects of a ective-adaptation empirically, 14 were excluded for not involving a control
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condition within the evaluation, and nally 2 were excluded for only evaluating through
a case study. The nal set of papers consisted of 26 studies that were further analyzed
within this review. A full representation of the process as proposed by PRISMA guidelines

[175] can be viewed in Fig 3.1.

Figure 3.1: Flow diagram of data extraction process.

3.2.6 Coding

In order to answer our three research questions individually, speci c aspects of the full

sample were coded under prede ned conditions for each question.

3.2.6.1 RQL1: Evidence Synthesis

Each study was coded by publication year and within each study, each adaptive game was
coded by genre (as described in the paper itself). For each game that was tested, the
speci ed outcome variable was coded, including the measurement instrument. The study

design was coded based on the control being a within or between condition and the number
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and nature of all tested conditions were speci ed. Finally, the e ect was coded as positive,
mixed/neutral, or negative (experimental condition compared to the control condition),
and if possible the reported e ect size was included and coded as small, medium, or high
e ects, based on interpretation guidelines as reported by [177]. For studies where no
e ect size was included, but su cient data was provided, e ect sizes were calculated and

interpreted as described by [177].

3.2.6.2 RQ2: Theoretical Assumptions

For each paper, the a ective state of interest (i.e. source of adaptation) was coded based
on the theorized underlying structure (dimensional vs. distinct) and the reported labels
of the measured emotional states. Furthermore, the speci ¢ measures used to detect the
emotional state were recorded. Together these details were gathered in order to examine
how a ect was measured across studies. Each paper's e orts to validate individual mea-
surement instruments (e.g. through comparison with self-report scales) were also recorded.
Tests were either direct (i.e. related to subjective measures of the target emotion), indirect
(related to other indications of target emotions), or absent.

Additionally, it was coded what game material was adapted to a ective information
and whether these game materials were tested in their ability to elicit a target emotion to
inform the adaptation design. Game materials that were adapted for each game were listed
and summarized where appropriate (e.g. "di culty” for all individual gameplay changes
that were made to increase challenge). Tests were again either directly (impact of materials
was related to subjective measures of target emotion), indirectly (impact of materials was

related to other indications of target emotions), or not conducted.

3.2.6.3 RQ3: Methodological Approach

Finally, for each evaluated game, the methodological approach was coded, including sample
information (N, percentage of male participants, mean age) and the used statistical test.
An estimate of achieved statistical power was calculated post-hoc for each study based on
the study design, sample size, and an assumed medium e ect size (0.5 standard deviations
[SD]). Rather than providing an estimate of "achieved" power, this was done because such
an estimate completely depends on the observed e ect and can therefore be misleading, as
it is not theory-based, nor a good indicator of methodological validity [178]. Additionally,

many studies did not provide su cient information to calculate the observed e ect size,
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which would limit the ability to compare all studies. To provide more insights about
each statistical power, target e ect sizes (ES) were calculated, representing the detectable
e ect sizes for a study, assuming a power (a priori) of at least 0.8. The target e ect size
therefore represents the necessary di erences between groups in SD to achieve a power of
0.8 or higher.

Furthermore, risk of bias (RoB) was assessed using the Cochrane Collaboration's tool
[179]. Risk of bias was assessed based on objective criteria regarding multiple domains: (a)
selection bias (i.e. whether or not participants' allocation was concealed and randomized),
(b) performance bias (i.e. whether participants were aware of the intervention and if
this could a ect outcomes), (c) attrition bias (i.e. how much missing data regarding the
outcome was reported and how that could in uence analyses); (d) detection bias (i.e.
whether or not clear and appropriate measures for the outcome were reported and whether
deviations arose through data collection strategies); and (e) reporting bias (i.e. whether
or not all results from all measurements and analyses were reported). An overall RoB was

judged based on the following criteria:

1. Low risk: The study presents a low risk of bias for all domains

2. Some concerns: The study presents some concerns in at least one domain, but no

high risk for any domain

3. High risk: The study presents a high risk in at least one domain

A detailed overview of all domains and criteria was provided by [179].

3.3 Results

3.3.1 RQ1: E ectiveness of A ective Adaptation

26 studies were included in the analysis. A description of study aims, methods, and
conclusions can be found in Appendix A.1. An overview of publication years can be seen
in Fig 3.2. Over half of all studies (n = 14) were published in 2018 or later. 69% (n =

18) tested an a ect-adaptive game against one or more control conditions in a repeated
measure design and 31% (n = 8) used a group comparison. 86% of studies (n = 22)
used randomized subject assignment, 8% (n = 2) did not use randomization for subject

assignment, and 8% (n = 2) did not report sampling procedures.
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In these 26 studies, 27 a ect-adaptive games have been described. An overview of the

games' genres can be seen in Table 3.1.

Figure 3.2: Counts of included studies by year.

To evaluate adaptation e ectiveness, 18 di erent outcome variables were used, assessed
through 15 di erent instruments (see Table 3.2). The outcome variables can be summa-
rized within three broad categories. The most used outcome category (n = 16) is player
experience, which includes outcome variables such as enjoyment, engagement, immersion,
aesthetics, dynamics, competence, character believability, fun, ow, and general player
experience. 46% of studies (n = 12) measured player experience through a previously
validated self-assessment instrument, such as the Game Experience Questionnaire [180]
(GEQ ; n = 3), the Intrinsic Motivation Inventory [181] (IMI; n = 3), the Flow Experience
Measure [182] (FEM; n = 1), the Player Experience of Need Satisfaction [16] (PENS; n
= 1), the Immersive Experiences Questionnaire [183] (IEQ; n = 1), the Player Experience
Inventory [184] (PXI; n = 1), User Response to Interactive Storytelling tool [185] (URTIS;

n = 1), and the Character Believability Questionnaire [186] (CBQ; n = 1). Additionally,

27% of studies (n = 7) constructed their own scales to assess player experience.

Another category includes a ective variables (n = 8), such as arousal, stress, valence,
excitement, and anxiety. These were measured mostly through physiological data, includ-

ing heart rate (HR; n = 1), heart rate variability (HRV; n = 3), electrodermal activity
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Genre No of studies % of sample
Action (3D) 5 18

Arcade 3 11
Education 2 7

Horror 4 15
Interactive Story 1 4
Platformer (2D) 4 15
Shooter (3D) 4 15
Training 4 15

Table 3.1: List of genres for adapted games analyzed in this review.

(EDA; n = 3), and electroencephalography (EEG; n = 1). Some studies measured the
a ective outcome through facial expression recognition (FER; n = 1) or voice analysis (n
=1), and nally some through subjective self-assessment tools such as the Self-Assessment
Manikin (SAM; n = 1), the Mood Adjective Checklist (UMACL; n = 1), or an own scale
(n=2).

The third category consists of performance metrics (n = 9), either in-game performances

(n = 8) or learning performance metrics (n = 1).

Table 3.2: List of included studies, outcome variables, out-
come assessment instrument, e ect direction (non-signi cant ef-
fects marked with n.s.), and observed e ect size if su cient infor-
mation was provided.

Authors  Outcome Instrument Control E ect E ect
Size
[187] Player Experience GEQ [180] Non- Positive N/A
adaptive
[152] Stress Reduction Physiology (HRV) Non- Positive Medium
adaptive
[188] Flow, Performance  GEQ [189] Performance Negative  Small
adaptation
[190] Valence Decrease, Facial Expression Non- Positive Medium
Arousal Increase adaptive
[191] Preference Single Item Non- Positive N/A
adaptive
[192] E ectiveness, E- In-game- Non- Positive N/A
ciency, Di culty Performance adaptive
[193] E ectiveness, E- In-game- Non- Positive Medium
ciency, Di culty Performance adaptive
[194] Player Experience IMI [181], FEM Manual, Noeect N/A
[182] Random,
Perfor-
mance,
Personality
adaptation
[195] Enjoyment, Immer- UMACL [196], IEQ Manual No eect N/A
sion [183] adaptation

Continued on next page
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Authors  Outcome Instrument Control E ect E ect
Size
[197] Perceived Compe- PXI[184], IMI[198] Increasing Positive Large
tence, Aesthetics, di culty,
Dynamics Fixed di-
culty
[199] User Experience URTIS [185] Non- Noeect N/A
adaptive
[200] Presence SUS [201] Non- Positive N/A
adaptive
[202] NPC Rapport 3-item  question- Non- No eect N/A
naire adaptive
[203] A ective state, per- Voice analysis, In- Non- Positive, Medium
formance game-performance adaptive no e ect
[204] Player Experience, Single Items (9- Performance Positive N/A
Performance, Anxi- point Likert) adaptation
ety
[205] Challenge and Ex- IEQ [183] Non- Positive N/A
perience adaptive
[206] Arousal, Player Ex- EDA, IMI [181] & Non- Positive, Large
perience PENS [16] adaptive no e ect
[207] Player Experience GEQ [180] Non- Positive Large
adaptive
[208] Physiological Physiology (HRV, Non- Positive, N/A
Arousal, Perfor- EDA), In-game- adaptive, No e ect
mance Data Deep breath-
ing task
[209] Physiological Physiology (HRV, Non- No eect Large
Arousal, Perfor- EDA, BR), In- Adaptive,
mance game-Data Deep breath-
ing task
[210] Valence, Arousal, Physiology (HR, Non- Positive Large
Dominance EDA), Subjective adaptive (n.s)
(SAM [65], own
scale)
[211] Performance, Flow In-game Data, Sin- Performance No eect N/A
gle ltems adapta-
tion, Non-
adaptive
[212] Learning, Engage- Not specied Non- Positive Small,
ment adaptive large
[213] Long term excite- Physiology (EEG), Non- Positive Small
ment, Enjoyment Single Item adaptive
[214] Character Believ- CBQ [186] Non- Positive N/A
ability adaptive
[215] Fear, Fun, Di- 5-point scale Non- Negative  Medium
culty adaptive (n.s.)

While a variety of outcome variables were used, most studies reported a positive e ect
direction (i.e. increase in a ect-adaptive condition compared to control). 65% of studies

(n = 17) reported positive e ects, of which 2 can be considered small, 4 can be considered
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medium, and 6 can be considered large. 5 of these e ects were not reported with su cient

data to calculate e ect sizes. Only 4% of studies (n = 1) reported a signi cant negative

e ect. 42% of studies (n = 11) reported non-signi cant e ects for at least some of their

outcome variables.

3.3.2 RQ2: Emotions in a ect-adaptive games

All presented games aimed at improving a prede ned outcome variable by adapting game

material to emotional states. They included means to measure a ective states and emotion-

eliciting material that was the aim of some form of adaptation. An overview of emotion-

theoretical assumptions, emotion measures, eliciting materials and whether measures and

material were tested in their ability to re ect target emotional states can be seen in Ta-

ble 3.3.
Table 3.3: List of included studies, de nition of underlying emotion
structure, emotional state labels, emotion measure, whether the
measure was tested in the study, the in-game adapted material
used for emotion elicitation, and whether the e ect of this material
on emotion elicitation was tested in the study.

Authors  Structure  State Labels Measure Measure Adapted Material
vali- material tested
dated

[187] Distinct Anger, Frustra- Facial Ex- Not Di culty Not

tion, Smile, Re- pression tested tested
laxation

[152] Dimensional Stress Physiology = Not Visual Feed- Indirectly

(HRV) tested back
[188] Distinct Anxiety, Bore- Physiology Indirectly  Di culty Directly
dom, Engage- (HR, EEG)
ment, Frustra-
tion
[190] Dimensional Valence, Facial Ex- Not Di culty Not
Arousal pression tested tested
[191] Distinct Anger, Disgust, Facial Ex- Indirectly Di culty Directly
Fear, Happi- pression
ness, Neutral,
Sadness,  Sur-
prise
[192] Distinct [Anger, Disgust, EDA and Fa- Not Di culty, Not
and Fear, Happi- cial Expres- tested Lighting tested
Dimen- ness, Sadness, sion
sional Surprise] and
[Arousal]

Continued on next page
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Authors  Structure  State Labels Measure Measure Adapted Material
vali- material tested
dated

[193] Distinct [Anger, Disgust, EDA and Fa- Not Di culty Not

and Fear, Happi- cial Expres- tested tested
Dimen- ness, Sadness, sion
sional Surprise]  and
[Arousal]
[194] Dimensional Preference Physiology  Directly Di culty Directly
(EDA, EEG,
HR, HRV)

[195] Distinct Boredom, En- EEG Directly Cognitive Directly

gagement Demand

[197] Dimensional Boredom, Frus- Questionnaires Directly Di culty Indirectly

tration

[199] Distinct Distress, Fear, Behaviour Not Narrative Not

Hope, Joy tested Trajectory tested

[200] Distinct Anger, Disgust, Gestures Indirectly  Music Not

Fear, Happi- tested
ness, Sadness,
Surprise
[202] Distinct Alarmed, An- Physiology Not NPC Dia- Not
ary, Bored, (EDA, tested logue tested
Content, De- EMG)
pressed, Happy,
Miserable, Neu-
tral, Tired
[203] Dimensional Valence, Voice Analy- Directly Di culty, Partly di-
Arousal sis Sound rectly
[204] Dimensional Anxiety Physiology Directly Di culty Not
(HR, EMG, tested
EDA)

[205] Distinct Anger, Frustra- Facial Ex- Not Di culty Not

tion, Joy pression tested tested

[206] Dimensional Excitement Physiology Not Di culty Not

(EDA) tested tested
[207] Dimensional Arousal, Va- Physiology Not Character Indirectly

lence (EDA, tested represen-

EMG, HR, tation,

HRV) Di culty
[208] Dimensional Arousal Physiology =~ Not Di culty Not

(BR) tested tested
[209] Dimensional Arousal Physiology = Not Di culty Not

(EDA, HRV, tested tested

BR)

[210] Dimensional Arousal, Domi- Physiology Directly Di culty Directly

nance, Valence (HR, EDA)

[211] Dimensional Boredom, Frus- Physiology Not Di culty Directly

tration (EDA) tested

[212] Distinct Boredom, Frus- SAM [65] Not Di culty, Not

tration, Relax- tested Aesthetics tested
ation

[213] Dimensional Excitement, Physiology Not Di culty Indirectly

Frustration (EEG) tested

Continued on next page

48



3.3 Results

Authors  Structure  State Labels Measure Measure Adapted Material
vali- material tested
dated

[214] Distinct Anger, Disgust, Facial Ex- Not NPC be- Not

Fear, Joy, Neu- pression tested haviour tested
tral, Sadness

[215] Distinct Anxiety, Fear, Physiology Directly Enemy Posi- Not

Neutral, Sus- (HR) tion tested
pense

42% of studies (n = 11) considered emotions as distinct states, while 50% (n = 13)
considered emotions as instances along a dimension. The remaining 8% (n = 2) explicitly
de ned and measured both distinct and dimensional a ective variables. Adaptations were
based on a wide variety of a ective triggers that were often based on the means of mea-
surement (e.g. arousal cut-o s with dimensional measures, and classi ed fear with distinct
measures). The number of states that were measured ranges between 1 and 11.

A ective measures were used to indicate states by speci ¢ emotion component expres-
sions. The most widely used form of measurement were physiological measures, used by
62% of studies (n = 16) and were conducted through HR readings (n = 6), HRV readings
(n =4), EDA (n = 10), EEG (n = 4), electromyography (EMG; n = 3), or breathing rate
(n =2). 42% of studies (n = 11) considered observational data of behaviours, such as facial
expressions (n = 8), voice analysis (n = 1), gesture analysis (nh = 1), or in-game choices
(n = 1). Finally, 8% of studies (n = 2) measured subjective feeling in-game as a means to
adapt gameplay through self-report ratings. 62% of studies (n = 16) did not explicitly test
how well the used measure indicated target emotional states, meaning that these studies
relied on either previously tested or untested theoretical assumptions regarding how well
a measure could di erentiate between prede ned states based on a prede ned underlying
structure. 12% (n = 3) indirectly tested the measure, by validating it through other means
than subjective emotion self-assessment (e.g. comparing physiological measures, or testing
reliability of di erentiating between emotion-eliciting game materials). 26% of studies (n
= 7) tested the measure within a certain game context directly, by associating it with the
self-reported target emotion in an experimental context.

The emotion-elicitating game material that was the source of adaptation was mostly
focused on challenge aspects of games. 77% of games (n = 20) manipulated game material
to change a game's di culty in order to evoke a range of emotions. 19% of studies (n = 5)

manipulated the game's aesthetics (through visuals or audio) as a way to evoke emaotions.
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15% of studies (n = 4) manipulated non-playable characters (NPCs) or story progressions
to re ect a ective data of players, and 4% of studies (n = 1) manipulated non-challenge
related in-game events to evoke fear. Again, a majority of studies (58%; n = 15) did not
test the e ects of game material manipulation on the target emotion through self-report
measures. 16% of studies (n = 4) tested the emotional elicitation e ect of material through
indirect measures (such as physiology), and 26% of studies (n = 7) tested the e ects of the

adapted game material on target emotions directly through self-report measures.

3.3.3 RQ3: Methodologies

The sample size (n) ranged from 9 to 294 (M = 37.62), with a Median sample size across
studies of 24 participants. None of the studies justi ed the sample size on statistical power
assumptions. 96% of studies (n = 25) provided information about demographic detalils,
such as mean age (n = 18), age range (n = 21), gender distribution (n = 24), or game
experience (n = 15). Statistical power assuming a medium (0.5 SD) e ect size ranged from
0.08 t0 0.99 (M = 0.55; Md = 0.46). The target e ect size detectable with the study design
ranged from 0.2 SD to 2.8 SD (M = 0.89; Md = 0.8). 8% of studies (n = 2) were able
to detect a small e ect size (up to 0.3 SD), 42% of studies (nh = 11) were able to detect
a medium e ect size (up to 0.6 SD), 58% of studies (n = 15) were able to detect a large
e ect size (up to 0.9 SD), and 88% of studies (n = 23) were able to detect a very large
e ect size (up to 1.5 SD). An e ect size of up to 2 SD was detectable by 96% of studies (n

= 25) and one study was underpowered for lower e ect sizes than 2.8 SD.

Table 3.4: Included studies, sample size (N), reported demograph-
ics (% male and mean age), statistical test, estimated power as-
suming a medium e ect (0.5 SD), target e ect size (ES), and risk
of bias (RoB; + refers to low risk; +/- refers to some concerns; -
refers to high risk of bias).

Authors N % M Test Power Target RoB
Male Age ES
[187] 60 68 N/A t-Test 0.85 0.5 +
[152] 12 58 33.92 MANOVA 0.20 1.3 +/-
[188] 21 76 22,43  t-test 0.39 0.71 -
[190] 31 N/A N/A Wilcoxon 0.84 0.5 -
Rank
[191] 25 80 N/A Z-test 0.43 1.0 +/-
[192] 30 60 N/A t-test 0.85 0.5 +
[193] 30 60 31.87  t-test 0.85 0.5 +
[194] 50 74 25.1 t-test 0.23 1.1 +
[195] 10 40 N/A t-test 0.29 0.8 +

Continued on next page
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Authors N % M Test Power Target RoB
Male Age ES
[197] 66 73 30 ANOVA 0.99 0.3 +
[199] 294 50 19 MANOVA 0.99 0.2 +
[200] 22 67 29.09  t-test 0.3 1.2 +
[202] 16 63 N/A t-test 0.24 1.4 +
[203] 40 N/A N/A t-test 0.93 0.4 +
[204] 9 47 N/A ANOVA 0.26 1.1 +/-
[205] 32 N/A N/A Wilcoxon 0.85 0.5 +
Rank
[206] 16 94 N/A  ANOVA 0.61 0.7 +
[207] 24 67 22.5 MANOVA 0.41 0.8 +
[208] 9 78 N/A Not specied 0.08 2.8 +/-
[209] 16 94 N/A ANOVA 0.12 1.6 +
[210] 11 73 30.5 Not specied 0.19 1.7 +/-
[211] 36 61 N/A Friedman 0.82 0.5 -
test
[212] 30 67 19 t-test 0.38 1.0 +/-
[213] 24 92 25,59  ANOVA 0.74 1.0 +
[214] 52 86 N/A Z-Test 0.97 0.4 +/-
[215] 12 92 25.42  Not specied 0.49 0.8 +

62% of studies (n = 16) were found to have a low risk of bias (RoB), i.e. no bias concerns
in the observed domains. 27% of studies (n = 7) showed some concerns for risk of bias,
and 11% of studies (n = 3) showed domains with a high risk of bias. Al Osman et al. [152]
compared a biofeedback game against the same game with hidden feedback. They also
introduced patrticipants to the game aim and relaxation strategies through meditation in
the biofeedback condition only. These conditions were therefore visible to participants and
could impact the outcome, leading to some concerns in the domain of performance bias,
even though the sampling was reportedly counterbalanced. Alves et al. [188] reported
inconsistent empirical results (i.e. dierent e ect sizes for the same e ect), which was
judged a high risk for reporting bias. Andrew and Chowanda [190] used strategies of un-
concealed randomization, did not report group comparisons for all outcome measures, and
proposed some con icting operationalizations of similar measures (such as negative valence
through FER and positive a ect through self-report as desired outcomes), leading to a high
risk in the domains of detection and reporting bias and some concerns in selection bias.
Blom et al. [191] reported multiple outcome variables (preference, challenge, immersion,
frustration) through constructed self-assessment questions, but only reported descriptive
di erences for challenge, immersion, and frustration without a statistical test to test these
di erences, which indicates some risk in reporting bias. Liu et al. [204] provided a clear

methodology, but conducted some additional analyses and created variables not previously
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justi ed, indicating some potential risk for reporting bias. Parnandi et al. [208] missed
some important information in the process description (such as randomization, blinding,
or how knowledge of di erent interventions [such as a ective game vs. deep breathing
exercise] was controlled in its potential to a ect outcome). It is not clear if all outcomes
are su ciently reported, as a statistical test for group comparisons was not provided for
all outcome variables, indicating some concerns about reporting bias. Rodriguez et al.
[210] were not able to randomize participants across conditions, as experimental data was
compared to a previously conducted experiment. Additionally, they provide very limited
reports of group di erences for all outcome variables, indicating some concern for selection
bias and reporting bias. Rosa et al. [211] did not provide a clear analysis plan (including
the number and types of outcome variables and statistical tests), leading to some potential
replication issues and a high risk for reporting bias. Potential order e ects due to missing
counterbalance were not discussed, indicating some concerns for selection bias. Salah et
al. [212] reported extremely large e ects (> 5 SD group di erence), without su cient
indications of the potential nature of these e ects. Measures such as "learning e ect" were
also not clearly de ned, indicating some concerns regarding performance and detection
bias. Finally, Tjokrosetio and Chowanda [214] described an unconcealed randomization
process, leading to some concerns about selection bias. Additionally, the outcome variable
was tested by participants watching speci ¢ gameplay videos without playing the tested
games, leading to an unclear evaluation of adaptation, as it was not described how emotion

adaptation contributed to changes in outcome variables.

3.4 General Discussion

This study aimed to investigate the impact of a ect-adaptive games on various possible
outcome variables through a systematic review of high-quality evaluation studies of the
eld. To broaden our understanding of the nature of these studies, both theoretical as-
sumptions regarding emotion research, and methodological concerns were examined. 26
studies were identi ed that evaluate emotion-adaptive games against a form of control

condition in an empirical context and their contents were summarized.
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3.4.1 The E ects of Adaptation

To judge whether or not emotional game adaptation can be seen as e ective, there are
many variables that need consideration. In the initial search, many studies were identi ed
that describe methods to achieve a ect-adaptive adaptation, but many did not focus on
evaluation (n = 36), some did evaluate but either without a control condition or only
using case studies (n = 16). Still, the empirical evaluation of a ective games against
controls has been a topic with increasing interest, as 26 studies were identi ed, most of
them published after 2017. These studies test a range of di erent adaptation mechanisms
in di erent genres of games, with di erent strategies to measure and model emotions, and
even di erent outcomes of interest.

The most investigated outcome related to at least some domains of player experience
(PX). As a concept, player experience su ers from the lack of a clear conceptualization
and measuring standard, which was mirrored by the abundance of di erent instruments to
measure PX aspects. Only recently e orts have been made to test and improve validity
and reliability concerns. For example, Denisova et al. [216] tested the underlying structure
of the IEQ, GEQ, and PENS and found considerable similarities, which makes a clear
distinction between tested PX domains dicult. Similarly, Johnson et al. [217] tested
the factor structure of the GEQ and PENS and found they were only partially replicable.
Aspects of concepts like immersion and ow show considerable overlaps, leading to further
doubts about how many and which domains PX consists of [218], in uencing the value
of PX as a precise and valid research outcome and therefore as a useful development
concept. Because integrative and comparable research becomes more and more important
to evaluate e ects, my ndings support the notion of the need of more uni ed concepts
and instruments, especially in terms of game evaluations.

Still, using PX as a broad overall category of interest, mostly positive e ects of emotion-
adaptive games have been reported. For example, Akbar et al. [187] provided empirical
evidence for PX improvements through DDA using facial expression recognition for both
a 2D platformer and 3D shooter and similar results were reported by Moniaga et al. [205]
for a 3D Hack and Slash game. Frommel et al. [197] used in-game self-reported emotions
to adapt diculty in a 2D platformer, leading to large e ects. Nogueira et al. [207]
extensively tested multiple versions of a ective adaptation through physiological data in
a survival horror game and identi ed many large PX domain improvements compared to

a non-adaptive game. lbanez et al. [200] showed improved presence for a virtual reality
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horror game with fear-adaptive music against the same game with generic music.

There were some non-signi cant e ects reported, which could indicate mixed results
regarding the e ect of adaptation. Many of these however also indicate small sample sizes
and a low statistical power, making it di cult to draw inferences. Darzi et al. [194] for
example found no e ect on multiple PX domains, but included many conditions, which led
to a power of under 0.8 for any e ect smaller than 1.1 SD. A similar picture can be seen
in the study from Ewing et al. [195], who did not nd an e ect against manual adaptation
of di culty, or Negini et al. [206], who found no e ect for PX reports, both showed a
generally low power. Jalbert et al. [202] tested rapport with emotion-adaptive NPCs, but
also was severely underpowered for any e ect smaller than 1.4 SD. While this does not
necessarily mean that negative or non-e ects are always based on power, it is very di cult
to interpret results that are not su ciently powered to uncover a range of e ect sizes.
The study by Hernandez et al. [199] provides an exception; they had a large sample size,
but still found no e ect of emotion-adaptation on PX. In this particular study, emotion
was measured through the choice of in-game dialogue and classi ed based on designer-
constructed rules, which introduces a range of validity concerns regarding whether or not
the emotion-adaptive game could truly be considered emotion-adaptive (as this was not

tested using any validated emotion measure).

One important aspect to note is that while issues in statistical power become imme-
diately apparent in studies with non-conclusive results, there are also issues in studies
reporting signi cant results. Because the observation of signi cant results with a small
sample size means that the observed e ect is quite large, a high post-hoc power can be
misleading and should not be interpreted as strength of evidence [178]. In fact, most stud-
ies in this review only achieve a su cient power with large (0.8 SD) or very large (> 1
SD) e ects. Even if these are found, issues in generalizability due to the small sample
size should be considered. Salah et al. [212] conducted a study with a low sample size
and found an extremely large adaptation e ect for engagement (> 5 SD). While it can
be argued that there is no need for large samples if the theorized e ects are large enough
to be observable, a small sample is also less likely to represent a given population [178].
Extremely large e ects for small samples might lead to unreliable interpretations as the
same e ect might not hold true for a general population. Studies of Al Osman et al. [152],
Blom et al. [191], and Liu et al. [204] have similar issues and report large positive e ects

in at least some of the observed outcome variables with a low sample size. Statistical
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power was not explicitly discussed as a factor to justify sample size in any of the examined
studies, and neither was accuracy. It is important to note that accuracy (i.e. width of
con dence interval) can be seen as a considerable concern with most of the studies (given
the median sample size of 24), making even signi cant e ects potentially unrepresentative
[219]. Additional concerns regarding generalizability and replicability were the inconsistent

reporting of basic demographic data and descriptive statistics.

Studies that focused on a ective outcomes reported positive to mixed results. Lara-
Alvarez et al. [203] provided evidence for successful improvements in experiences of
pleasant-high a ective states in an emotion-adaptive learning game using pre-validated
voice analysis. Stein et al. [213] used an EEG-adaptive version of a 3D shooter and
showed higher long-term excitement values compared to the control version of the game.
Parnadi et al. [208], [209] showed mostly no di erences, comparing a relaxation training
game to a non-adaptive game and a deep breathing task condition with very low sample
size, leading to a general conclusion that a ective games have promise in their ability to
manipulate emotions through context (e.g. the ability to create stressful situations), which
cannot be done with regular relaxation exercises, but the proper design and development
of a ective games need further work to provide consistent results. Rodriguez-Guerrero
et al. [210] tested an a ective against a non-a ective neurohabilitation game with a low
sample size and found inconclusive results, indicating complex a ective relationships be-
tween game materials, player data, and outcomes. Vachiratamporn et al. [215] tested the
e ects of a fear-adaptive horror game in terms of emotional reactions, which remained

non-signi cant, possibly based on a very low statistical power.

Studies that focused on the e ects on performance [192], [193] reported positive e ects
for shooting, puzzle, and exploration tasks in a 3D game for an adaptive game compared
to a non-adaptive game, using physiological and face recognition information. In these
particular studies, it is argued that the combination of relevant information (in this case
a ective information and playing style classi cation) to personalize experiences could lead
to the largest e ect. The authors conclude that there are still many unknown variables and
interactions when it comes to a ective adaptation, but the initial promising data points
towards the potential of further research, especially research that reduces the cost and

obtrusiveness of a ective recognition and modelling.

All in all, there is a lot of variance in multiple aspects of the analyzed studies, which

makes a clear picture of the e ect of emotion adaptation not yet possible. In fact, the
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di erences in methodological approaches, e orts to ensure generalizability, and e orts to
reduce risk of bias add to the already present problems of comparability. Meta-analytical
strategies, which are seen as one of the best ways to aggregate scienti ¢ knowledge [220]
are dicult to conduct, not only because of dierences in approaches and theoretical
perspectives (such as outcome variables of interest or emotion models), but also because of
di erences in methodologies that should be universally prevalent, such as shared and precise
PX conceptualizations, appropriate measures, well-constructed and powered experiments,
and the su cient reporting of data. While the reported e ects of a ective games seem

ultimately promising, it may be too soon to fully evaluate them, given these barriers.

3.4.2 The role of Emotion

All studies described games that adapt material to a ective information, which was either
continuously or intermediately measured. In general, a ective states of interest can be
considered emotional, i.e. states with a relatively short duration and high intensity. While
the elicitation of certain moods (e.g. in horror games) was a particular aim, all studies
measured and adapted to data relating to emotional reactions, either measuring physio-
logical aspects (through HR, HRV, EDA, EMG, or EEG), behavioural aspects (through
FER, gesture analysis, or voice analysis), or subjective feelings (through self-reports).
Mostly depending on the measurement instruments, the inferred emotional states are
either considered as dimensional or distinct constructs with states of interest that are con-
sidered useful for a particular game adaptation. For example, some studies [208], [209]
focus on emotional arousal, measured through physiological arousal in an e ort to create
games for relaxation training. Others [187], [191] [193], [214] use facial expression analysis
to measure distinct emotional states, such as fear, joy, anger, or sadness. One of the main
concerns when it comes to emotion measures is the inability of a single instrument to ac-
curately re ect the complex nature of emotion in its entirety [38]. Inferences made from
one or multiple measures are also subject to di erent sources of variation, such as personal
di erences and current context [32], [221]. That means that the validity of the emotion
recognition system is highly dependent on the following factors: The measurement instru-
ment, the emotion conceptualization, the given context, and individual di erences. As the
study by Rodriguez-Guerrero et al. [210] shows, even well-established emotion concepts (in
this case dimensions of valence, arousal, and dominance), measured through a combination

of instruments (such as HR and EDA), can lead to poor accuracy. Still, the majority of
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studies (n = 16) did not explicitly test how well a certain measure predicted the target
emotional state and, instead, built the emotion recognition system on theoretical assump-
tions. While some of the assumptions have considerable representation in the literature
(such as the association between physiological and emotional arousal [145]), others are
highly contested. For example, there is no clear consensus on which true emotional states
are represented well through facial expressions [222]. Researchers (e.g. [187], [205]) may
therefore interpret potentially non-distinct facial expressions (such as smile and smirk) as
distinct emotional states. Another contested point is how and if distinct emotional states
could be mapped to a ective dimensions (e.g. [190]), as dimensional and distinct theoret-
ical frameworks of emotions often have vastly di erent theoretical bases [28]. Finally, the
exact relationship between a physiological measure and an a ective state is not clear for
every individual and context [32], so the relationship is hard to interpret without concrete
mappings that some of the studies did not provide [192], [193], [202], [213]. While basing
decisions on contested assumptions can be in some cases useful, especially in providing
more insight into fundamental psychology research, without explicit validity testing, there

is a risk in unknowingly misinterpreting ambiguous data. In the study by Ibanez et al.
[200], the gesture-based emotion recognition was tested indirectly by classifying partici-
pants who encountered a prede ned emotion-inducing room within the game world and
accuracy was only su cient to distinguish between participants who visited the fear room

or participants who visited any other room. Given a speci c game and audience, such
an approach could provide a way to adapt between two a ective states, although it is
unclear if these states truly represent the targeted fear vs. no fear states. Alves et al.
[188] combined measures indicating fear and frustration into a combined emotional state
to increase accuracy, although the theoretical and practical implications of such a state are

not discussed.

The explicit (and direct) testing of measures given a game context and player base
has in some of the analyzed studies been used to improve emotion recognition strategies:
Ewing et al. [195] described a 2-step process, rst establishing a relationship between
measures and target emotions and then designing adaptations. Frommel et al. [197]
measured the feeling of a target emotion through self-reports, which directly re ected the
base of potential adaptation. Liu et al. [204] based their study speci cally on anxiety and
established methods to accurately predict anxiety in a preceding experiment. To ensure

theoretically valid mappings, the relationship between a proposed emotion model and a
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given measured emotion component not only ensures valid predictions but also provides
the opportunity to focus on any emotional state that might be of interest for game design,
including complex emotions like shame or pride. In this sense, designers are not limited
to measuring concepts with more established physiological correlates (such as emotional
arousal), especially given the in uences of context and individual di erences that justify

testing in any case.

Still, emotion recognition is only a part of the adaptation process. A game is only truly
adaptive if it changes in a way that elicits a target emotion, which closes the feedback
loop [27]. Again, most investigated studies make theoretical assumptions regarding such
an elicitation process. Most notably, many studies propose a ective di culty adjustment
based on the ow model [133], [134], which proposes the existence of an optimal experience
(lying between dimensions of boredom and frustration) when challenge and skill of a game
are balanced. As a consequence, many of the studies chose to adapt di culty aspects of
games (such as health, enemy behaviour, platform size, game speed, etc.) to achieve an
optimal experience. But not only is ow a conceptually ambiguous construct in psychology
[223], the precise relationship between skill, challenge, and ow is unknown [224]. Further-
more, it is hard to assess whether or not a given adaptation was successful if fundamental
and untested assumptions must be made (e.g. smaller platforms lead to challenge, which
leads to frustration). Again, as with all emotional reactions, elicitation has been found
to be dependent on individual and contextual factors, both in perspectives that argue for
basic, innate emotions [34], and in perspectives that argue for constructed emotions [38].
This is not only true for ambiguous concepts such as ow, but all emotions. Hernandez et
al. [199] based their adaptation purely on the designer's ability to infer emotional states
from made choices, which might have led to the observed lack of adaptation e ects. Ibanez
et al. [200] assumed speci c relationships between game elements and six basic emotions
based on Ekman [56] (e.g. light and owers for joy, insects and slime for disgust) and used

these assumptions to train emotion classi ers.

Again, the explicit (and direct) testing of eliciting material given a game context and
player may be necessary to avoid unclear mappings between game materials and emotions.
For example, Darzi et al. [194] tested the ability of di erent game characteristics to elicit
the targeted emotional changes in a preceding test. Such a process could provide similar
bene ts as testing the relationship between emotions and measurement instruments. More-

over, if the relationship between the target emotional state and the game material is clear,
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adaptation can be based on very speci c, pre-de ned rules that are not based on poten-
tially contentious assumptions and address concerns of interindividual and intraindividual
di erences in emotion processing.

Overall, the nature of emotions given modern theories, including emotion component
expressions, and the implications of theoretical perspectives are not thoroughly addressed
in almost all studies, leading to potential theoretical uncertainties, and in uencing the

observed results.

3.5 Conclusion

This review provided aggregated evidence regarding the e ects, evaluation methods, and
theoretical assumptions of emotion-adaptive video games. Not only were mixed e ects
observed in the investigated studies, but a large variance in methodological approach and
theoretical justi cations was found, leading to many open questions regarding a ective
games. This systematic review adds to the body of evidence uncovering gaps in research
and practice when it comes to games that adapt to player emotions.

Many of the analysed studies describe their main contribution as the development and
exploration of technological solutions regarding emotion recognition and adaptation and
not as the evaluation of a ect-adaptive games. This review speci cally analyzed the evalua-
tions in terms of emotion-theoretical assumptions, methodologies, and ndings. From such
a perspective, it is clear that more work is required to draw certain conclusions regarding
the three main aspects of a ective gaming as de ned by Hudlicka [142], i.e. emotion sens-
ing, modelling, and adaptation. The main limitation for conclusive data in the eld may be
rooted in technology, but rather in theoretical and methodological standards. The research
criteria regarding adaptation evaluation shared between studies are limited, especially in
regard to generalisability. Ambiguous constructs, measured through instruments with un-
known reliability are often used as outcome variables to evaluate adaptive games and there
is a large variance between studies that makes it apparent that these constructs (especially
relating to player experience) need more uni cation. Similarly, emotion-theoretical details
are insu ciently integrated into the research process, leading to potentially erroneous prac-
tices in regard to applying emotion theories. The strongest support for the potential of
a ect-adaptive games in enhancing player experiences, performance, or health lies in stud-
ies that speci cally test their a ective assumptions in terms of (a) measures of a ective

data and their relationship to the target emotion; and (b) adapted game materials used to
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elicit emotions and their relationship to the target emotion. Following such a process gives
game designers and researchers the opportunity to gather more information, address con-
cerns regarding the in uences of individual di erences and context on emotional reactions,
and avoid making assumptions based on contentious emotion-theoretical perspectives. As
many of the described studies show, emotion adaptation is promising if the design and
evaluation process is robust. The evidence does not suggest that this potential holds only
true for certain game genres, certain emotions, or certain measurements, but for a variety of
games with di erent aims and potentially a variety of emotions, especially under-explored
and complex emotions, measured through di erent pathways such as inferred through sub-
jective, behavioural, or physiological data. The eld of a ective gaming holds many yet
unful lled promises not only to enhance games but to further our knowledge of what emo-
tions are. But - with the core issues analyzed - the path to contributing potential solutions

is uncovered.
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Chapter 4

Narrowing the Gap

"It is science's methodology to try to reduce complex
phenomena like emotions to a list of functional
requirements, and it is the challenge of many in
computer science to try to duplicate these in
computers to di erent degrees, depending on the

motivations of the research."
Rosalind W. Picard [225]

Following the basic ndings of Chapter 3, there are two particular gaps that need urgent
attention:

First, there is a need for a theoretical synthesis of the relevant elds. While psychologi-
cal research provides us with a great number of theoretical concepts and empirical evidence
for these concepts, these ndings are not often put to use in game research with all their
implications in mind. Emotional game studies are often only indirectly related to modern
emotion theories and a ective game studies su er from multiple measurement and interpre-
tation issues that are partly dependent on their assumptions regarding underlying emotion
theories [1], [44]. Because emotions are such a complex psychological construct, there is
currently no perfect solution to integrate ndings from psychology, design, and computer
science into a work that would be able to perfectly measure and interpret a ective data and
further use this data as a base for video game adaptation. Rather, integrative theoretical
work should be able to provide a robust model of emotional interactions between humans
and video games in a way that is applicable to all kinds of games, to all kinds of research
and design aims, and even to all kinds of contradicting emotion model assumptions, as

there is as of yet no universally agreed upon emotion model and basic conceptual aspects
61



Chapter 4: Narrowing the Gap

of emotions are still in need for further research. In light of this situation, it might not be
the most rewarding approach to try to explain this complex relationship in all aspects but
to focus on aspects that are (a) known and generally agreed upon by experts in the eld,
and (b) applicable and therefore useful in making practical decisions.

Second, given a theoretical model that ful Is the above-mentioned criteria, there is
furthermore a need for more validated and data-driven practical application of theoretical
assumptions regarding emotions in video games. As it has been shown, it is quite tempt-
ing to make certain assumptions regarding emotional game aspects and player behaviour,
but leaving them untested can prove risky and further widen the gap between theory and
practice in the eld. In fact, precisely because the theoretical base of the player-game rela-
tionship is so complicated and incomplete, practical methodological contributions become
much more important. Giving researchers and game designers the opportunity to focus
their e orts on gaining new empirical insights would prove valuable in multiple aspects.
For example, game designers should be able to make emotion-adaptive games, even with-
out a thorough understanding of emotion theories. Researchers on the other hand should
be able to study speci c emotional phenomena using games, without relying on already
established measures or models with perfect ts (as those still do not exist). Therefore,
providing a practical guide to establish, research, and use emotional relationships between
players and games would be a valuable contribution to the eld.

To summarize, this chapter will focus on the development and discussion of a framework

for a ective interactivity, consisting of two parts:

1. A theoretical overview . The work will integrate relevant literature in emotion
research, design research, and a ective computing and use this to develop a theoret-
ical model based on the ongoing emotional interaction in video games. This model
will be robust against theoretical uncertainties and can be used by researchers and
developers to describe and model the emotional relationship between players and

games.

2. A practical guide . To bridge our theoretical knowledge with practical methods that
allow the development and research of emotional games, a methodological framework
will be presented, discussing steps that enable researchers and designers to empir-
ically test emotional relationships within the player-game interaction and make in-
formed decisions based on these relationships in order to adapt the game to a ective

information.
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4.1 Improving the Theory

As illustrated in Chapter 2, a lot of progress has been made in framing the emotional
relationship between players and video games. Here we describe a theoretical model with
clear de nitions for each component and therefore integrate contemporary research from
psychology, game design, and a ective computing into one interactional model. This model
expands the version of the a ective feedback loop as described by Yannakakis and Paiva
[47], speci cally by implementing an emotion-theoretical model of the player into the loop
and providing new labels to more precisely talk about emotional information that is being

exchanged within the game-player interaction.

Figure 4.1: lllustration of the emotional feedback loop as an expression of game-player
interaction. The game system uses emotional input that infers information about player
emotions and adapts the emotional output accordingly. The player appraises the output
on multiple variables which leads to interactions on measurable emotion components that

can in turn be used to close the feedback loop.

4.1.1 The Player

The new player component in the context of emotional games speci cally means the player's

emotions. Depending on the design perspective, emotions are sometimes de ned as experi-
ences, sometimes as action motivations, and sometimes as bodily reactions. Drawing from
shared assumptions in emotion research, we can assume that (a) emotions consist of mul-

tiple components (like physiological, behavioural, and subjective feelings); (b) appraisal
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is central to the experience; (c) appraisal and the experience are dependent on context;
(d) appraisal and the experience are dependent on individual di erences; and (e) emotions

evolve over time.

With this de nition as a base, we are able to illustrate the player as part of the ongoing
feedback loop with the game, adding specic emotions as psychological targets to the
a ective feedback loop that already exists in HCI studies [27], [42]. Emotions are here
de ned as short and intense a ective states to reduce the inconsistent and imprecise use
of the word "a ect", which is especially important given the variety of a ective feedback
loops present in the literature. This model therefore represents aemotional feedback loop
(Fig 4.1). To be precise, it explains relevant concepts of the a ective relationship between
player and games in the domain of emotions and not other a ective states, such as moods

or traits.

The advantage of viewing the player component as a direct representation of theoretical
overlaps between emotion theories lies in the exibility of the approach. Player emotions
can be meaningfully interpreted as distinct categories, dimensional expressions, basic and
universal mechanisms, as well as culture-dependent constructs. Either way, emotions are
represented within multiple components of interest, such as physiological reactions or be-
haviours. One of the most important components in explaining emotion elicitation is the
appraisal component, which is in uenced by both individual traits and the situational
context. Acknowledging the importance of traits and context within this model is an im-
portant step in not falsely generalizing the e ects of certain stimuli on player emotions.
Finally, because emotions consist of di erent qualities, it is also important to not view
them as xed, but dynamically evolving states. With consideration of all these aspects of

human emotions, a useful representation of player emotions can be modelled and analyzed.

Still, because this player component is only based on shared theories between di erent
theoretical perspectives, it is by no means an exhaustive model of all aspects of human
emotions. Instead, it should be seen as a simpli ed representation of any given emotion of a
player and considered more in its utility in applying these concepts to real games without
making false assumptions than in its accuracy in explaining every relevant mechanism

relating to emotions.
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41.2 The Game

In the discipline of a ective games, a game system has per de nition three major tasks it
has to ful | to become a ective: emotion sensing and recognition, computational models
of emotion, and emotion expression or adaptation [41]. Based on these tasks, Yannakakis
and Paiva [47] provided descriptions of three game system modules: an emotion detection
module (a module to measure and model player emotions), an adaptation module (a module
to adapt the game world to these player emotions), and an elicitation module (a module
to elicit target player emotions). These modules represent the game side of the emotional
feedback loop.

While these modules might not be explicitly described in traditional games, they can
be used to describe familiar functions of any game system that relate to player emotions.
For example, if a game o ers a hard challenge, it has the potential to elicit feelings of
satisfaction, accomplishment, and pride (emotion elicitation). There is however still the
risk of evoking unwanted frustrating experiences, therefore most games gradually increase
the challenge based on prior performance or player choice (emotion adaptation). While
this adaptation is not based on primary emotional data, it could be based on for example
di culty settings, i.e. subjective preference (emotion detection). Every game that builds

an emotional relationship can therefore be viewed within the emotional feedback loop.

4.1.3 Closing The Loop

Given the game system and the emotional player pro le, there are now two kinds of in-
formation that are being exchanged. First, there are the stimuli provided by the game
for the player. This is the design space of the game, which includes possible stimuli that
elicit certain emotions. The term emotional output can be used to label these stimuli.
This can include any type of game stimuli, such as NPCs [226], avatars [227], game world,
mechanics and narrative [47], graphics and music [228], but also more high-level concepts
like rewards, creativity, and player agency [131], [229].

This speci c concept was chosen to describe game aspects that have a relationship
to player emotions. This relationship cannot be seen as universal, which means it is de-
pendent on individual di erences and context. Following the loop, the player expresses
the emotional reaction in various components (such as feeling, physiological response, or
behaviour). This expression includes information provided by the player to be measured

through the game to infer emotional states. We conceptualize this information agmo-
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tional input. Naturally, emotional input can consist of direct emotion measures, like in
biofeedback games. However, physiological measures cannot be assumed to map to cer-
tain emotions [32] and given the complex nature of emotions and the varying experiences
games want to achieve, input measures need to be considered in terms of accuracy, cost,
e ort, and usefulness [145]. Therefore, other information might be more appropriate to
use, like indirect measures, which could include any input a player makes in a game, from
button press patterns to in-game behaviours [230] [232]. Furthermore, building on our
knowledge of how emotions occur, inferences could also be made from assumptions about
contextual aspects, individual player traits, and emotion progressions that relate to the
target emotion.

Again, this is conceptually true for every game, meaning that every game has the
potential to gain access and make use of emotional information. However, the emotional
reaction of a player is very subjective and dependent on context and individual traits,
which makes the emotional relationship as a whole dependent on the type of game and the
given player pro le. In other words, there is no universal answer to the following questions:
(a) How and to what extent can a given emotional output evoke a target emotion? (b)
How and to what extent can we infer the emotions of a given player through a prede ned
emotional input? To make practical use of this model, these questions have to be answered
for each game individually. If these questions are answered, games can be speci cally
designed to target a ective reactions and also adapt to changes of player emotions.

To summarize, the emotional feedback loop re ects the ongoing emotional interaction
between a game component based on a ective game systems [47], and a player component
based on current psychological emotion concepts that are relevant, resilient to changes in
our understanding of emotions, and applicable across emotion theories. The emotional
interaction is an explicit focus point and is represented through emotional output and
emotional input as sources of a ective information. It can be used to describe every game,
but in order to apply it, it is necessary to make the emotional information measurable and

usable in a practical process.

4.1.4 Summary

To summarize, the emotional feedback loop provides terms to describe the emotional game
system (and its tasks), the emotional player pro le with relevant emotion-theoretical com-

ponents, and the information that is being exchanged between the game and the player.
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This model can be seen as an extension of the a ective feedback loop [27], [47] to provide
(a) clear terms that are consistent with their de nitions in their respective elds, and (b)
a comprehensive illustration with integrated, contemporary knowledge regarding emotion
research, game design, and a ective computing. This model can be used to more easily talk
about aspects of the emotional game-player interaction. It is therefore useful in terms of
describing functional designs for existing games, guidelines for developing emotional games
(based on the knowledge we currently have), and researching emotional phenomena that
are part of such an interaction.

For example, using this model, we can summarize the tasks of designing emotional

games as follows:

1. The design of emotional game output : The creation of game stimuli that elicit
a certain target emotion through appraisal, given a certain context and individual

di erences

2. The integration of emotional game input : The measuring of certain emotional
expressions from the player that can be used to adapt the game in favour of the

target emotion

In order to contribute beyond research integration and new terminology, the descriptive
tools provided by the model can now be used to propose a framework for designing and

researching emotional games.

4.2 Improving the Practice

The aim of this section is to provide a practical guide for game designers and researchers
to develop and test video games or video game characteristics that are adaptive to player
emotions. It builds upon the emotional feedback loop to address some of the issues related
to emotion elicitation in games and streamlines the process of integrating emotional adap-
tivity into game projects. Building on other interactional design frameworks [121], this
process will be referred to asemotion design for video games . To provide the most
useful overview of possible methods to apply the emotional feedback loop, it is important
to further avoid confusion with other subtly di erent concepts and accurately describe the
individual process steps.

The practical framework is built upon the new emotional feedback loop model and

has the aim to enable designers and researchers to make and test emotional hypotheses
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themselves and use the resulting data in a bottom-up design process. The framework's
steps were based on standard practice in usability testing [233], [234]; i.e. (a) identifying
a primary goal for testing; (b) observing and recording users; (c) analyzing data and
proposing changes. Each step was expanded upon and re ned by adapting the process to

the current emotion research advancements identi ed in the model in Chapter 4.1.

Figure 4.2: lllustration of the practical framework: To elicit a target emotion, both the
domain of the game material and the domain of the user input need to be considered.
Potential game characteristics (domain 1) and user input variables (domain 2) that could
relate to the target experience need to be identi ed (step 1), and tested in user research
(step 2). The gathered information can be used to introduce adaptivity of the game
material based on user input to bring the product closer to the intended experience (step
3) or to improve research by further developing theoretical assumptions about the target

emotion (dashed arrows)

4.2.1 Theory about Target Emotion

In order to design a game or game aspect that elicits a certain emotion, the target emotion
in question needs to be conceptualized. In game design practice, the a ective reward of
games is often referred to as the experience [21], which can be considered as the subjective

component of a certain emotional reaction. For example, the emotion "sadness" includes
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as previously discussed many di erent components (e.g. cognitive, physiological, and be-
havioural nature), but the target itself for the designer is the subjective, conscious feeling
of sadness. When choosing a target emotion, we can therefore at this stage consider only

the subjective feeling a designer wants to elicit in a player.

Naturally, there is a growing interest in experiences that not only relate to broad "basic"”
emotions (e.g. fear or happiness) but also more complex and underexplored emotions [235],
including "aesthetic" emotions (e.g. schadenfreude or the feeling of being moved [236]);
or even emotions that have no concrete label (e.g. the anticipation of something bad
happening or ordinary, less intense emotions [237]). Considering the labels of emotions
also often di er between languages and cultures [31], the choice of target emotion should
not be limited to well-known labels, but might also include experiences that are not yet
fully understood or de ned. Successful emotion elicitation might be facilitated if the target
emotion has already been thoroughly explored in psychological research, but the only
necessary characteristic of the target emotion is that it can be evaluated in terms of how

successful the elicitation is.

When a target emotion is chosen, the subsequent process can be considered from two
domains. The domain of emotional output tries to identify game material that evokes
the target experience. The question that guides the steps in this domain is: What game
characteristics evoke the target emotion? The domain of emotional input on the other
hand tries to identify measures a game can use as an indication of the player's emotion.
The question that guides the next steps in this domain is: What can a game track that
indicates the target emotion? The framework introduces the terminology and process steps
for these two domains for two reasons: (a) both domains need to be considered to ensure
the target emotion can be elicited across individuals, and (b) both domains need to be
considered to ensure the target emotion is elicited for one player during the progression of

the game.

The framework speci cally addresses uncertainties regarding emotion expression, dif-
ferences in emotion elicitation depending on individuals and context, and the complex

progression of emotions.
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4.2.2 First domain: Design Emotional Output
4.2.2.1 Identify tting stimuli

The literature describes many possible game elements that evoke certain emotional re-
actions, for example NPCs [238], avatars [227], game world, mechanics and narrative
[47], graphics and music [228], but also more high-level concepts like rewards, creativ-
ity, and player agency [131], [229]. Frameworks like Emotioneering [130] or the mechan-
ics dynamics emotions (MDE) framework [49] provide a variety of possible channels to
use in the game design process.

It is however crucial to acknowledge that the characteristics of a stimulus are only
important in the context of appraisal: It is not a xed attribute of the dark hallway to
evoke fear. Considering the classic appraisal variables described by Lazarus [89], goal-
relevant but incongruent stimuli that are di cult to cope with correspond to fear, so the
appraisal of the dark hallway as scary is dependent on speci ¢ features: does the player
need to follow the hallway to reach a goal? Do players feel like the darkness is incongruent
with their goal?

At this stage, game materials can be designed based on assumptions or existing ex-
amples indicating their potential in eliciting the target emotion. While it can be helpful
to review known appraisal variables for well-researched emotions, the more practical and
common approach is to design based on successful examples. For example, in an extensive
analysis of the emotional e ects of Silent Hill by Perron [150], the author discusses how the
speci ¢ type of emotional terror in the Silent Hill series was designed to mimic Japanese
psychological horror movies and how it di ers from the experiences of other horror media.
This discussion is led by appraisal on a re ective processing level. For example, during
the production of Silent Hill 2, the developers tried to induce anxiety gradually increasing
conscious anticipation of negative events [150]. Other processing levels can be considered,
including sensorimotor responses (e.g. fear through sounds [239]), and perceptual and

associative responses (e.g. fear through danger-associated stimuli).

4.2.2.2 Examine reaction of specic users to stimuli

Studies about industry practices show that game companies often rely on genre conventions,
historical successes of other games, or internal theories of the developers when designing

game stimuli [129], [235] and to great success. As observed through the lens of Uses and
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Grati cation theory, players too make use of genres, their knowledge of other games, and

their own internal theories to predict their own feelings when playing a speci c game [240].

But to make sure the game (or game elements) really evoke the target experience, game
creators need to test them and this is commonly done through user research to thoroughly
understand the individual emotional reactions of users within a target audience. In a 2018
discussion of game user research [241], Zammitto of Electronic Arts states that almost
all large game companies have teams of dedicated user researchers who are responsible for
executing UX tests of a qualitative or quantitative nature to inform developers of the expe-
riences of target audience members during various cycles of game development. Through
organized processes involving design, development, and testing, many game aspects are
iteratively ne-tuned to deliver on the target experience [242]. Within the domain of
emotional output, user research can establish whether a game aspect can elicit the target

emotion for certain individuals and in certain contexts.

The methods to conduct such research are often discussed in literature about player
research or targeted empirical tests and usually include self-report instruments, such as
for example questionnaires (e.g. the PANAS [60]), where players rate how strongly they
felt an emotion in a certain moment of the game after playing. This provides a precise
guantitative measure of experiences that is easy to interpret but may be in uenced by
restrictions of the questionnaire (e.g. not the complete emotional space is included). To
capture a more complex view of the experiences, interviews or open gquestions can be
constructed where players describe the experience in their own words (see for example
[122]). This has the potential to provide a more detailed overview of the elicited emotions
but might be harder to interpret for the use within a game. Additionally, self-reports after
gameplay sessions could be in uenced by factors like memory e ects and only capture the
most notable emotional reactions. To account for the evolving nature of emotions with
variable onset and o set periods and subtle di erences over time, continuous experience
reports could be used (such as the with two-dimensional emotion-space [243], the a ect
rating dial [244], or even free association techniques [245]). Players get the opportunity to
report their experiences continuously during gameplay and data can be collected that map
exactly to in-game moments. Again, responses are limited to how open the scale is and
free responses are more di cult to interpret and quantify. There is an exceedingly large
space to describe experiences both in categories and ner gradients [246], so the choice of

research methods should account for the needs of the speci c designs.
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4.2.2.3 Design stimuli and rules of adaptation

As mentioned before, games and speci ¢ game aspects are most commonly designed through
iterations that are being evaluated in their potential to elicit a target experience. Using
the proposed terminology of the framework, we can say that game stimuli are evaluated
by their potential to become emotional output. This implicitly means for the designer
that there is an at least partly known relationship between the game they create and the
emotion a user experiences when playing it. Broadly speaking, this can mean that a game
consists of similar elements that have been successful in other works, delivering an experi-
ence players can expect and seek out, but it can also mean on a detail level that specic
aspects of a game have been extensively tuned and tested to ensure a certain emotional
experience, even when played by a variety of players.

This by itself is not a new process, but we argue that given the complexity of emotion
elicitation and expression, two criteria for the success of creating emotional game material
should be considered at this stage: (a) how well does this design work across individuals;
and (b) how well does this design work given the rapidly changing emotions within one
individual.

We call the process that aims to ensure that these questions are addressed adaptation.
Interindividual adaptation attempts to create the same emotional experience for di erent
kinds of players. For example, players with a high ability to play a certain genre may enjoy
more challenging gameplay, while players with lower ability would experience the same
enjoyment with less challenge. Ideally, user research has identi ed game characteristics
(such as reaction time windows or health for challenge) that are the source of di erent
experiences for di erent types of players, so these characteristics can be accounted for (e.g.
through purposefully designed di culty settings).

Intraindividual adaptation attempts to create an optimal experience for one player as
the game unfolds, based on assumptions of how emotions evolve. For example, a game has
successfully elicited fear for a player, which means that the design space is now open for
more intense fear reactions (e.g. terror), or strong opposite emotions (e.g. the feeling of
relief).

If a design can elicit the target emotion across di erent individuals and within one
individual, it can be considered adapted to player emotions and therefore as emotional
output. We can illustrate this with the example of game di culty: It is widely acknowl-

edged that game di culty has an in uence on enjoyment when player abilities are taken
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into account (e.g. in dynamic di culty adjustments or in player-chosen di culty settings)
[247]. Many games provide di culty options to ensure enjoyable experiences for dier-
ent types of players but also adapt game di culty during the game to accommodate the
changing abilities of one player. In order for this to work, game designers need to be aware
of the relationship between di culty settings and enjoyment, i.e. emotional output and
target emotion as discussed in the previous sections. But they also need to be aware of
the current state of the player, which the framework addresses in the second domain. In
this speci c example, we need some kind of input from the player to determine if they
are enjoying the game, either as measures of their experience [247], or their selection of
di culty settings. This input that infers the emotional state of the player and can be used

for adaptation and successful emotion elicitation is referred to as the emotional input.

Figure 4.3: Model of relevant variables for the user research that allows the connection of
emotional output and emotional input through experience measures given a game context.
The tested statistical relationships can be used to inform the design of emotional evocative

games, without the need for speci ed emotion models.

4.2.3 Second domain: Integrate Emotional Input
4.2.3.1 Identify of tting measures

Emotional input in a game design context could be any data that holds information about
the emotional player pro le in the current moment of the game-player interaction. This
includes information about players and game contexts that have been established in the
previous steps, but also other measures of a ect. For example, if user research identi ed
that the target experience of melancholy was reliably elicited via a xed narrative, devel-
opers can reasonably assume that the players experience melancholy when playing through

the events of the game. Emotional input can however include additional direct and indirect
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measures of emotions:

The most prevalent measures are of physiological nature and multiple instruments
are commonly investigated: electrocardiogram (ECG) measures heart activity, which can
include both heart rate (HR) and heart rate variability (HRV). In gaming contexts, HR
and HRV are often related to stress or fear [44], [215], [229], [248]. The main bene ts
include low cost and straightforward interpretation of information, but measures can only
make predictions about arousal. Similarly, Electrodermal activity (EDA) or Galvanic Skin
Response (GSR) refers to the skin's electrical conductivity, which can be measured through
sensors that are small, wearable, and cheap. It is commonly used to re ect arousal aspects
of emotions, which is used in some a ective gaming studies to infer information about high-
arousal emotions, such as fear or excitement [207], [248], [249], but has limits in making
distinctions between these emotions. Electromyograph (EMG) measures the electrical
potential of muscle cells, which is commonly used in gaming contexts to make inferences
about valence aspects of emotions by measuring facial muscle activities [207], [250]. While
this is a promising approach to make inferences about distinct types of emotions, EMG
facial sensors can be more invasive than ECG or EDA sensors and interpretations are reliant
on the coding system that relates muscle activity to emotional states, which potentially
limits its use for a range of more complex emotions [251]. Finally, Electroencephalography
(EEG) is used to measure the electric activity of the brain, which has been found to be
closely related to reports of valence and arousal but includes multiple, invasive sensors
and complex data that is sensitive to any changes in brain activity [145] and is therefore
di cult to associate with emotional responses. Whether or not speci ¢ emotions map
onto speci ¢ physiological pro les across all contexts remains unclear, so relying upon a
given physiological measure or group of measures to reveal a given emotion is conceptually
problematic. Nevertheless, physiological sensors o er a wide range of primary a ective
data that can be used to test assumptions about their relationships with target emotional

experiences [32], [252].

Another class of measures considers observational behaviours, such as gestures, pos-
tures, facial expressions, or eye gaze. Motion captures have had some success in classifying
emotions in regards to either high or low intensity [253]. Measurement of facial expres-
sions has been used to distinguish between emotional facial features and is reported to be
easy and unaobtrusive to implement [166]. However, accuracy seems to depend on players

being in the right position, being similarly expressive, and not manipulating reactions [44].
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Con icting evidence also suggests that certain emotions can be expressed in multiple ways
and are not universally re ected across cultures [254], which could limit the practicability
of such an approach. Another measure lies in eye gaze, which is typically associated with
attention, but has also been used to provide simple classi cation information on arousal
or valence aspects of emotions [255], [256] or to create new gameplay input systems [257].
While eye-gaze is hard to track in classical gaming setups, virtual reality headsets with
included eye-tracking devices are becoming more popular, which makes this technology for
some games easy to implement and a promising source of data for adaptation [258], [259].

Finally, in-game behaviour can be used to infer information about current emotions as
players have the opportunity to in uence the game through their input (or player choice
[131]). For example, input behaviour in mobile games has been shown to predict low and
high levels of valence and arousal [260] and certain emotional states are related to input
variables like touch pressure [230] or controller button presses [261]. There have been e orts
made to model emotional states from in-game performance or input parameters (e.g. [231],
[262]) and most recently, emotion classi cation based on in-game responses to narratives
has been used to measure distinct emotional states [263]. This is still a young eld, but
game adaptation based on behaviour yields promising results in engaging di erent types
of players [232], [264].

In summary, there are many possible sources of information, although none are univer-
sally applicable. The choice depends on the design aim and requirements, but should in

every case be informed by user research.

4.2.3.2 Examine relationships between users and measures

As with the relationship between game material and emotional reaction, we often cannot
assume that the relationship between player input and their current emotional state is
known. Although there is a wide variety of measures that have been related to emotion in
one way or another, there is no perfect solution to measure emotions in games. Robust,
universal one-to-one matchings between emotions and measurement either have yet to be
discovered or do not exist. Some researchers in the eld argue for a combination of di erent
methods, which seems necessary to increase accuracy, but also increases cost and e ort.
Designers can however avoid these uncertainties by focusing on the project's specic
design aims. Since the resulting subjective experience is the design aim, games do not need

to accurately predict all emotions, but rather explore the relationship between appropriate
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available data and the subjective experience of the target emotion. When testing the e ects
of the games on user's emotions through user research (as explained in Section 4.2.2.2),
games can also test what kinds of user input can be used to assess the current player's
emotions.

This means that the data should provide some indication of the relative presence or
absence of the targeted emotional state within the tested game context and for the tested
audience. However, it need not distinguish between that state and other unlikely states.
A game that aims at relaxation does not need to rely on accurately measuring sadness.
However, it should establish some kind of indication of subjective relaxation.

In order to be considered adaptive the game must demonstrate an e ect on player
relaxation for di erent individuals and during di erent phases of the game. The main
guestion to address in the user research step for the second domain is therefore: What
information can a game use to identify such di erences and adapt? For a physiological
relaxation game that uses HR measures user research can explicitly test the relationship
between HR and relaxation for di erent individuals. If it exists in the context of the game
and is usable, the game has now a way to track the target emotion of the player and
adapt to ensure it, regardless of the individual di erences or the current point of the game.
For another relaxation game without physiology tracking, user research can for example
explicitly test the relationship between in-game performance and relaxation and if this
proves useful can then design di culty levels that ensure a speci ¢ in-game performance
and therefore relaxation.

Like in the rst domain, measures can become usable to infer emotional states by specif-
ically testing their statistical relationships within the context of the game. An illustration

of the user research for both emotional output and emotional input is depicted irFig 4.3 .

4.2.3.3 Operationalise measures

User research informs about the data sources that can be used to make inferences about
emotional states, so the last remaining step is to operationalise these data sources and
connect them with the game output, as depicted inFig 4.3 . Both the emotional input
and the emotional output of a game have an established statistical relationship with the
target experiences, so the input can be used to determine the output.

An illustration of such a process can be seen in the study by Shaker et al. [265] who

collected gameplay behaviour and self-reported experiences from players rst and then used
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the ndings to identify important input patterns that re ected frustration, challenge, and
fun. Game worlds were then created that adapted to these input patterns, which resulted
in a better evaluation of the game. Consequent studies showed that collecting gameplay
data beforehand provided the opportunity to model player experiences, which could point

to the practicability of such a process for almost all games [231].

In this sense, the emotional input and the emotional output are both representations
of the experience and are therefore easily exchangeable and enhanceable in reaction to the
needs, technical progress, and also to more informed theories. Such a modularization is
currently heavily emphasized by researchers in a ective computing, not only because it
can make actual solutions easier and more approachable, but also because theories from
psychology, design, and HCI are more and more in the process of uni cation and a system
that draws and informs all of these elds will need to be dynamic [266]. For example, if
face recognition is used as a measure for anxiety within a game, it can be complemented by
other measures or even easily exchanged, because it only represents the tested relationship
with the experience and not an underlying model of emotion that makes face recognition

necessary.

4.2.4 Summary

To ensure that a game elicits a target experience, this framework provides the terminology
and methodology to make some of the unknowns explicitly known and usable to design

game elements. This process includes:

First Domain: Design Emotional Output
1. Identify tting stimuli. Make use of common design practices (e.g. the use of
successful examples, and game design frameworks) to identify game elements with the po-
tential to elicit the target experience.
2. Examine the reaction of specic users to stimuli. Explicitly test the relation-
ship between the designed game characteristic and the target emotion using user research
methods. This step needs to take individual di erences and game progression into account.
3. Design stimuli and rules of adaptation. Given the knowledge of step 2, determine
how the game needs to adapt between individuals and during the progression of the game

to ensure the target experience. This step needs to take the second domain into account.
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Second Domain: Integrate Emotional Input
1. Identify tting measures. Identify ways to indicate whether or not the target emo-
tion is experienced with consideration to cost, invasiveness, generalizability, and ease of
interpretation.
2. Examine the relationship between users and measures. Explicitly test the rela-
tionship between the chosen measures and the target emotion using user research methods.
3. Operationalise measures.  Given the knowledge of step 2, determine how user input

can be used to trigger the adaptations of the rst domain.

Figure 4.4: Example of process application using melancholy as an aesthetic experience.

This framework was developed to help avoid outdated classi cation techniques or sim-
pli ed theoretical assumptions. To bring video games closer to the bene ts associated
with adaptation, this process can be followed for certain games or game aspects, while
issues currently present in a ective games research (as such rules that are unlikely to hold
across all situations and individuals) are being addressed. Designers and developers should
be able to test relationships themselves for a speci c game context and player group to
make informed decisions about how to adapt a game to player emotions. This is necessary
because there are many unanswered questions about the nature, variety, and underlying

mechanisms of emotion. This framework does not claim to provide answers to these ques-
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tions; instead, the aim is to illustrate methods that could help designers and researchers

get closer to nding some of the answers themselves. In fact, because we are far from a
common understanding of how emotions can be modelled, it is more useful to enable devel-
opers and researchers to contribute without the need for a comprehensive understanding

of emotions.

4.3 Conclusion

To address the problems present in a ective games, it is important to synthesize our current
knowledge in our psychological emotion research, design research, and HCI research with
a focus on a ective computing. This chapter collates relevant research ndings to provide
a model of the ongoing emotional interaction between a player and a game that can be
represented by our re ned version of the emotional feedback loogHig 4.1 ). Based on this
loop, a methodological framework of emotion design for video games was illustrated that
introduced explicit methods to implement emotion-adaptivity in games and to research
some of the open questions that remain about our emotional connection to games. As
demonstrated in Chapter 3 and mirrored by research over the years [267], there is a lack of
unity in the work that conceptualizes game-player interactions. This approach takes a step
towards reducing this lack. It connects theoretical perspectives from multiple disciplines.
The proposed approach was created to reduce confusion and to provide guidance for applied
emotion research games that do not restrict them by oversimplifying their assumptions
about emotions or misinterpreting relationships between a ective variables. It is crucial to
not expand the confusion even more but to connect di erent elds with a common theory
that is both dynamic and useful. Doing this, a design-led approach could address some
of the technological and conceptual problems that currently exist in the a ective game
literature. An emotional game is not (yet) a game that completely understands the full
range of human emotions, but a game that can successfully create an emotional experience.
Only with an approach that is robust to uncertainties, but still enabling in the questions
that matter, can designers and researchers understand more about the processes that are
involved.

To achieve this, it is necessary to examine how this framework could be integrated
with common design practice in a way that supports the process. An important step to
demonstrate the usefulness of this framework is a thorough evaluation of the process as a

whole and of the concepts introduced here.
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Chapter 5

A ect in Adaptive Systems:

Creating "The Flow Experience"

"To this state we have given the name of " ow",
using a term that many respondents used in their
interviews to explain what the optimal experience

felt like."
Mihaly Csikszentmihalyi [133]

With a better grasp on the problems in the eld of a ect-adaptive games (Chapter 3)
and a potential process towards mitigating many of these problems with the Emotion
Design Framework (Chapter 4), the logical next step is to put the framework to the test.
In order to achieve this, this chapter will follow the structure shown in Fig 5.1: First,
emotional input and emotional output variables will be identi ed for a newly developed
video game. Following this, two empirical experiments will be constructed, one mirroring
the testing phase of the Emotion Design Framework, and the other testing the result of the
adaptation phase against a non-adapted game. To be more speci c, in the rst experiment,
a video game will be developed with a set of potential emotional output variables and
potential emotional input variables. The statistical relationship between these variables
and the subjective emotional experience of the players will be tested. Based on the results
of these tests, the second experiment - the adaptation phase - will implement a ective game
adaptation and test it against a control version of the same game with rigorous empirical
standards. In doing so, this chapter aims towards providing validation for the work given

in the previous chapters and expand on the ndings with data-driven evidence.
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Figure 5.1: lllustration of the structure of this chapter: Each empirical experiment targets
a speci ¢ process in the emotion design framework. Study 1 showcases the user research
phase and the resulting information is used to build an a ect-adaptive game, which is

evaluated in Study 2 against a control game.

5.1 Aims and Motivation

The main aim of this chapter is to expand on the typical process of developing a ective
games by focusing on explicit testing of emotional associations between game data and
subjective player experience before the adaptation is integrated into game development.
This means that before an adaptation is proposed and planned, user research for a newly
developed game is conducted to nd potential a ective associations between emotional
output, emotional input, and subjective player a ect. The process re ects the testing
phase and is illustrated in Fig 5.2.

Following this, a ective adaptation processes are designed and built based on the gath-
ered data from the testing phase. These are then in turn empirically evaluated by testing
the e ect of the adaptive game against a control version of the game in terms of increased
game enjoyment. The game designed for this study was "The Flow Experience" a 2D
top-down arcade-style game with the speci ¢ aim to evade enemy attacks for a set amount
of time.

The rst experiment involves exploratory analyses of in-game variables to test which
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Figure 5.2: lllustration of the relevant emotional information to design and test a ect-
adaptive video games. We describe information that could infer the emotional state of the
player as potential emotional input. Information that could in uence the emotional state
of the player is described as potential emotional output. In order to create a functioning
a ective loop, the relationship between subjective experience and both potential emotional

input and output must be examined.

could be used to indicate the target emotion, which is de ned as the change in experienced
valence (i.e. the ability of the game to increase positively-valenced experiences), which was
chosen as a valid a ective construct to avoid conceptual uncertainties of game enjoyment
measures [268], as well as experienced arousal, which is widely used in combination with
valence to describe a ective experiences [32]. It is important to note that we use valence
and arousal as a dimensional construct to purely measure subjective a ect and not as a
de nition of emotional state, therefore avoiding fundamental assumptions. Con rmatory
analyses are then used to test the success of speci c game mechanisms in eliciting the
target emotional state. These mechanisms were chosen because of their theoretical ability
to in uence experienced valence. Based on the research of dynamic di culty adjustment
(DDA) that provides a body of work showcasing a relationship between challenge and
enjoyment [269], enemy attack speed was considered as a candidate variable to manipulate.
It was hypothesized that attack speed would in uence the emotional experience for certain
types of players (i.e. players that enjoy easier versus harder games) and that these players
could be identi ed by measuring in-game data. Based on research showcasing the emotion-
evocative power of adaptive music [270] [272], both tempo and synchronization of in-game
material to the beat were considered as candidate variables. It was hypothesized that
slower music would contribute to relaxing experiences and that synchronization between the

gameplay and music would lead to a valence increase. Findings from the rst experiment
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were then used to create adaptive versions of the game.

In the second experiment, these adaptive versions were tested against a control group to
evaluate the whole process. The main aim was to provide an example of the novel method-
ological process presented in the previous chapters that can be used to test emotional
assumptions explicitly, based solely on subjective a ect measures and use this information
to make a more enjoyable adaptive version of the test game. As previously presented, this
process was designed to be robust against contentious theoretical assumptions and make
di erent a ective games more comparable, which ultimately could help provide more uni-
ed insights about the e ects of emotion adaptation in video games and how emotions

function in real-life applications.

5.2 The Game: The Flow Experience

For the purpose of this chapter, a modern 2D action game was developed, utilizing arcade-
style gameplay, which has been tested in the context of a ective adaptivity with mixed
results [194], [195]. As reported by Gundry and Deterding [273], there are many potential
validity threats associated with experimental game research that need to be addressed,
such as games' complexity, sources of unwanted variance, and di erent social framing.
These barriers were aimed to be addressed through the methodological approach. "The
Flow Experience" as a game was used to provide an example with high ecological validity,
i.e. a game that represents an example of a commercial entertainment game. While it
is often argued that commercially available games with an established player base may
achieve this the best (e.g. [274], [275]), a new game was created to provide insights about
the application of the proposed principles within the design process and not post-hoc
for a nished product. Additionally, validity concerns relating to the complexity of game
stimuli, familiarity with the test material, and the in uence of unwanted variance were more
controllable in a prototypical version of a new game that allowed targeted manipulation of
variables to make clear causal inferences (see Chapter 5.3.1.1 for more details). The game
was developed in the Unity framework, using C# as a scripting language. The completed
version of the game is currently available on Steam [5]. A detailed design rationale can be

found in B.
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5.2.1 Gameplay

The gameplay loop is based on classic arcade games, such as Asteroids. Players are placed
in a xed-sized 2D arena with a top-down view. One enemy moves and teleports around
the arena while shooting (see Fig 5.3). To create a very focused gameplay interaction,
players' only goal is to avoid getting hit for a level-dependent amount of time. Players
have three di erent mechanics that they can utilize to avoid projectiles: (a) Continuous
movement in a two-dimensional space; (b) a dash, which gives a short boost and makes
players invincible, but leaves them standing still for a short time afterwards; (c) a block
that guards against certain attacks with a shield that has a xed cooldown time after usage
and that prevents further movement. Players start each level with three lives and restart

if all lives are depleted. If one life remains for a set amount of time, one wins the level.

Figure 5.3: Screenshots of the rst (top left), second (top right and bottom left) and

last (bottom right) experimental level of The Flow Experience. Top: The player evades
projectile attacks by the enemy through simple movement. Bottom Left: The player blocks
a row of incoming projectiles with a shield. Bottom Right: The player dashes through wave
attacks to not get hit. The top bar in each screenshot indicates the current state of the

level, i.e. the time remaining.
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5.2.2 Visual and Sound Design

The game's visual elements were created with two aims in mind: (a) provide a tting
and thematic setting, related to positive experiences as described by Csikszentmihalyi
[133], and (b) keep the overall aesthetic deliberately abstract to minimize expectation

e ects and to limit narrative interpretation outside the scope of the work (see Fig 5.3).

To achieve these aims, the setting was chosen to be an abstract representation of space
and the player and enemy were represented through ancient symbols. The fairly sparsely
orchestrated electronic score was chosen to provide a soft and slow support for the openness
of the general aesthetics in order to not contribute to stress, but rather calmness, even in
di cult scenarios. In the top-right corner of the screen was a score indicator. For the
experimental version of the game, this score did not re ect performance, but rather it

increased continuously for all participants and was therefore purely aesthetic.

5.2.3 Pilot Study

A pilot study was conducted to test the experimental version of the game to make it
as usable and easy to understand as possible. 10 participants (7 female) with a mean
age of 26 (ranging from 18 to 29) were recruited for the pilot study and asked to play
through the experimental version of the game, consisting of one tutorial level and three
experimental levels. Afterwards, each participant was asked to report any problems or
sources of confusion regarding the experimental setup, the tasks, and the game. Based
on the reports, some wordings in the a ect measurement screen were changed to make it
more clear how arousal and valence were de ned. Additionally, text was included at the
beginning of the game to make players aware of the possibility of remapping controls (both

for gamepad and keyboard controls) to their convenience and to improve accessibility.

5.3 Study: Testing Phase

5.3.1 Materials and Methods
5.3.1.1 Measures

The aim of this rst experiment is to test statistical relationships between subjective ex-
perience and potential emotional output, as well as potential emotional input, as re ected

in Chapter 5.2. To achieve this, multiple variables were measured within the game:
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For self-reported a ect, valence and arousal levels of participants were chosen [61].
Specically, an aect grid [276] was used, because it is an established, fast, and easily
understandable single-item instrument, with high and well-documented validity and relia-
bility for the subjective component of emotions [29]. In theory, any validated self-report
instrument could be used at this stage, but the a ect grid was chosen, because it provides
continuous and well-de ned data for subjective a ect. The grid has two dimensions, one
for arousal (on a 7-point scale) and one for valence (on a 7-point scale).

Several behavioural measures were used to assess potential emotional input, i.e. player
input and demographic variables that were then tested to assess how well they represent
subjective a ect. Each variable was measured within one level, resulting in four distinct
sampling points for each variable. These variables included: (a) the number of deaths in
a level, (b) time spent moving the character, (c) the number of performed blocks, (d) the
number of performed dashes, (e) the number of avoided attacks, (f) how close actions were
performed to a downbeat (i.e. rhythmic behaviour; operationalized as the average time
di erence to the nearest downbeat), (g) lost lives in a level (death and restart occurs after
all three lives are lost), (h) number of wins (i.e. number of levels successfully nished, as a
level ends automatically after 5 minutes or 6 deaths). Additionally, demographic measures
of age, gender, and how regularly participants play games ("Never", "Monthly", "Every

two weeks", "Weekly", "Every few days", "Daily") were included.

5.3.1.2 Manipulations

Because this rst experiment aims to investigate associations to then inform the design of
an adaptive version for the second experiment, four in-game variables were manipulated to
speci cally test their e ects on subjective player a ect (representing potential emotional
output). The rst one was the played levels, which represent di erences in in-game con-
texts between participants. Practically the level determined what enemy patterns players
encountered and how much time between di erent enemy actions (either movement or at-
tacks) passed. To mimic a real gameplay environment, the level order was not randomized
but designed to increase gradually in di culty and speci ¢ gameplay aspects (see 5.3.
Three additional independent variables were experimentally manipulated to test their
direct e ect on player emotions (i.e. how well they in uence player emotions). These
variables were within-subject manipulations, meaning that their manipulation took place

within a player's session and changed between the three experimental levels of the game.
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Figure 5.4: In-game implementation of the A ect Grid adapted from Russel [276]

To address sequencing e ects, the presentation sequence was counterbalanced between par-
ticipants. The rst one was musical tempo, which was presented in three xed expressions
(120bpm, 140bpm, 160bpm) by either slowing down or accelerating the game's background
music. The second variable was a multiplier of enemy attack speeds in three expressions
(0.5x; 1x; 1.5x). The last variable was enemy synchronisation, consisting of two expres-
sions. The synced version forced enemy actions always on the downbeat of the music, while
the non-synced version used a xed amount of time (based on the average of the synced

version) between enemy actions, ignoring the background music completely.

5.3.1.3 Procedure

The experiment was nalized and a WebGL version of the game was made available online
via the free video game hosting platform itch.io. After starting the game, participants were

asked to carefully read the study information sheet and agree to voluntarily participate in
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the study via a consent form. Participants were then led to the home screen of the game,
where they were able to revise and optionally remap the game's control scheme. Following
this, participants played through the tutorial level of the game that was designed to teach
the three main mechanics of the game: Moving, blocking, and dashing (in this order),
explaining the controls again throughout.

Players then played through the three experimental levels that were presented in a xed
order as a way to mimic natural progression in video games. Before and after each level,
players were led to the a ective grid screen to indicate their levels of arousal and valence.
Each experimental level was designed to include enemy patterns that revolve around one
of the three main mechanics: Moving in the rst level, blocking in the second level, and
dashing in the third level. Every participant encountered manipulations of one of the
three manipulated independent game variables (either musical tempo, enemy attack speed,
or beat synchronization), while the other two variables were kept stable. Manipulations
of each variable changed per level and the presentation sequence was counter-balanced

between participants.

5.3.1.4 Participants and Statistical Analysis

A total of 452 participants were recruited through social media (Reddit, Twitter, Face-
book) by posting the link to the study in appropriate groups and sub-forums, as well as
through the institutional subject pool of the authors. Participation was voluntary and
compensated through University credits if applicable. To minimize the risk of error due to
participants not taking the experiment seriously, participants who withdrew at any point
during the experiment were excluded, leading to a nal sample size of 161 (88 female).
The sample size was considered appropriate based on a statistical power analysis, yielding
a power of 0.95 for medium-sized e ects (0.5 SD) and 0.8 for small e ects (0.25 SD) in
repeated measures ANOVAs. Participants' age ranged between 18 and 45 years (M=22.04;
SD=6.30). 19% reported never playing games, 20% reported playing monthly, 6% reported
playing biweekly, 9% reported playing weekly, 19% reported playing every few days, and
27% reported playing daily. After removing incomplete cases and computing demographic
data, three steps of statistical analyses were conducted. First, an exploratory analysis uti-
lizing correlation and multiple regression analysis was used to detect associations between
player behaviour variables (potential emotional input) and a ective measures. Regressions

included interaction terms and were used to test the best t of subjective a ect predic-
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tion. Second, a con rmatory analysis was used to statistically test the e ect of in-game
manipulations (potential emotional output) on a ective variables. This was done using a
Within-Subject ANOVA with follow-up t-tests to gather more information about observed

e ects. Because only one of the three emotional output variables was manipulated for a
given participant, these analyses were done separately for three groups: One for musical
tempo (N=55), one for attack speed (N=57), and one for enemy synchronisation (N=49).
Third, to test if any observed e ects in Step 2 were dependent on player or game vari-
ables identi ed in Step 1, regression analysis was performed using F-tests and follow-up
t-tests. This was done to identify interactions between emotional input and emotional out-
put in predicting user experience as a way to propose potential adaptation mechanisms.

All analyses were conducted in R.

5.3.1.5 Ethics Statement

Written consent was granted after reviewing the methods of our study by both the Physical
Sciences Ethics Committee and the Ethics Committee of the Psychology Department of
the authors' institution. The experiment was conducted in accordance with the recom-

mendations of these committees.

5.3.2 Results
5.3.2.1 Explorative Analyses

Changes in arousal and valence ratings were calculated by subtracting measures made
after a given level from measures made before a given level. Descriptive data for mean
changes of arousal and valence across all levels can be seen in Table 5.1. To measure
the relationships between changes in emotion ratings and game data, correlations were
calculated for each game variable with arousal change and valence change. Results showed
multiple statistically signi cant associations. Changes in arousal were positively related to
the time spent moving (Pearson's r = .23; p = .003) and to the number of avoided attacks
(Pearson's r = .20; p = .01). Changes in arousal were also negatively associated with the
number of wins (Pearson's r = -.18; p = .02)

Changes in valence were positively related to the number of blocks used by players
(Pearson's r =.24; p = .002), as well as with the number of avoided attacks Pearson's r
=.22; p =.004; ). Changes in valence were also negatively associated with the number of

deaths in a level Pearson's r = -.25; p =.002; ), and with the number of lost lives within
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a level (Pearson's r = -.25; p = .002). No other correlation was signi cant.

Group Valence Change Arousal Change
N M SD M SD
Low attack speed 57 0.09 1.62 0.05 1.30

Medium attack speed 57 -0.40 1.52 0.30 1.51
High attack speed 57 -1.11 1.13 0.74 1.43

Low tempo 55 -0.23 1.96 0.13 131
Medium tempo 55 -0.02 1.81 0.24 1.43
High tempo 55 0.35 2.17 0.35 1.44
No synchronization 49 -0.82 1.68 -0.51 1.70
Synchronization 49 0.14 1.06 0.06 1.34

Table 5.1: Descriptive data over all three experimental levels by conditions.

Using these correlations as a quality measure for the prediction, regression models were
tested that could explain the most variance of arousal and valence. Multiple regression
models were tested against each other, using all possible combinations of variables showing
a signi cant association with a ect. The respective model with the highest R for valence
and arousal was deemed as the model with the best t. For arousal, a linear model using
movement (standardized = 0.23 p <.001) and number of wins (standardized = -0.18;

p = .02) showed the highest e ect (F[2, 159] = 7.32;p < .001; R2 = .08). For valence,

a linear model using number of blocks gtandardized = 0.16; p = .06) and number of

deaths per level (standardized =-0.17; p = .05) showed the highest e ect (F[2, 159] =

7.00;p <.001; Rz =.08). These predictors were further used to test interactions on the
e ects of emotional outcome variables.

To test for in uences of individual traits, the associations between demographic data
and emotions were examined. Game experience showed a signi cant correlation with va-
lence ¢[160] = 2.53; p = .01; Pearson's r = .20), no signi cant association was found for
age or gender.

To test for in uences of game context, di erences of emotion changes for the di erent
levels were tested via Within-Subject ANOVAs. There were signi cant e ects on both
valence F[3, 483] = 6.08;p < .001; FZ, = .03) and arousal (F[3, 460] = 3.70; p = .014;

S = .02). Follow-up t-tests revealed that all three levels had a lower change in valence

compared to the tutorial level (Tutorial: M =-0.04; SD = 1.62; Level 1: M =-0.79; SD
91



Chapter 5: A ect in Adaptive Systems: Creating "The Flow Experience"

1.57; t[161] = -4.18;p < .001; Cohen's d=-.47; Level 2: M =-0.43; SD = 1.56; t[161]
=-2.28; p = .02; Cohen's d=-.24; Level 3: M =-0.44; SD = 1.56; t[161] = -2.38;p =
.02; Cohen's d = -.25). Similarly, the tutorial level had a higher change in arousal M =
0.65; SD = 1.32) compared to the experimental level 2 M = 0.23; SD = 1.31; t[161] =
2.96; p = .004; Cohen's d=.32) and 3 (M = 0.16; SD = 1.59; t[161] = 2.92; p = .004;
Cohen's d = .33).

5.3.2.2 Con rmatory Analyses

The e ects of the emotional outcome variables (tempo, attack speed, and enemy synchro-
nisation) were tested via Within-Subject ANOVAs. Musical tempo showed no e ect on
valence §[2, 108] = 1.09;p = .34) and no e ect on arousal (F[2, 108] = 0.29;p = .74).

Attack speed showed a signi cant e ect on valence F[2, 112] = 8.51; p < .001; g
= .11), and a borderline e ect on arousal (F[2, 112] = 3.04;p = .052; Eta Sq = .04).
Follow-up t-tests revealed signi cant e ects on valence for low attack speed = .09; SD
= 1.62) vs. high attack speed M =-1.12; SD = 1.13; t[56] = -4.38; p < .001; Cohens d
= -.58) and for medium attack speed M = -.41; SD = 1.52) vs. high attack speed M =
-1.12;SD = 1.13; t[56] = -2.96; p = .005; Cohen's d = -.39).

Enemy synchronization showed no e ect on valencet{48] = 1.03; p = .31) and also no

e ect on arousal (t[48] = -0.31;p = .76).

5.3.2.3 Interaction Analyses

To test whether the e ect of attack speed on emotion ratings was dependent on the identi-
ed emotional input variables, regression analyses were conducted for each of the following
predictors: (a) game experience; (b) the best-t model of player data, using number of
blocks and number of deaths per level; (c) game context (i.e. played level). Each re-
gression predicted emotion ratings from one of these variables, speed, and the interaction
between the two. To make interaction analyses possible, these emotional input variables
were transformed into three groups (low, medium, and high), based on the 33rd, 67th, and
100th percentile. No interaction was found for game experience=([2, 112] = 1.65;p =
.18), but the linear model using number of blocks and number of deaths per level showed
an interaction e ect (F[4, 92] = 3.41; p = .02). Posthoc-tests revealed that for the low
player model group, low attack speed led to higher valence increas® (= 0.21; SD = 1.47)

compared to medium M =-0.84; SD = 1.34; p = .02) and high attack speed M = -0.79;
92



5.3 Study: Testing Phase

SD = 1.08; p = .02). Similarly, for the medium player model group, the low attack speed
led to higher valence increaseN] = 0.16; SD = 1.34) compared to medium (M = -1.00;
SD = 1.05; p =.004) and high attack speed M = -1.26; SD = 1.19; p < .001). However,
for the high player model group, the medium attack speed led to higher valence increase
(M =0.63; SD = 1.61) compared to low (M =-0.10; SD = 2.02; p = .03) and high attack
speed M =-1.26; SD = 1.10; p < .001).

Player level also showed a signi cant interaction e ect (F[4, 162] = 2.59;p = .04), as
illustrated in Fig 4. For level 1, low attack speed led to a higher valence increaseV[ =
0.05;SD = 1.72) compared to medium attack speed 1 =-0.84; SD = 1.34; p =.009). For
level 2, the high attack speed showed a signi cantly smaller valence increas&l( = -1.33;
SD = 1.28) compared to low (M = 0.31; SD = 1.08; p < .001) and medium attack speed
(M =0.30; SD = 1.69; p <.001). For level 3, the low attack speed led to a signi cantly
higher valence increaseNl = -0.05; SD = 1.90) than the high attack speed M = -1.15;
SD = 1.18; p = .01). Interactions are illustrated in Fig 5.5.

Figure 5.5: Bar graphs of the interactions. Left: E ect of attack speed on valence change
by level (game context). Right: E ect of attack speed on valence change by expressions of
the linear player model consisting of the number of blocks and number of deaths. Error

bars symbolize standard error (SE).
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5.4 Study: Adaptation Phase

Based on the results of Experiment 1, two potential adaptation mechanisms were identi ed.
The rst one is game level, which showed a signi cant interaction with the e ect of attack
speed on valence. More precisely, as Figure 5.5 shows, the experimental levels 1 and 3
showed that low attack speed was enjoyed the most, while in level 2 low and medium
attack speeds were enjoyed equivalently. The second one was the linear model using the
number of blocks and number of deaths per level, which could be seen as a proxy for player
skill in this speci c game scenario. As Figure 5.5 shows, players with a low or medium
expression in this model had the biggest valence change with the low attack speed, while
players with a high expression in this model had the biggest valence change with the
medium attack speed.

Based on these results, two types of adaptation are proposed: (a) Level-based adapta-
tion that has a medium attack speed in level 2 and a low attack speed in levels 1 and 3; (b)
Player-based adaptation that dynamically changes attack speed based on a linear regres-
sion model identi ed in Experiment 1 (utilizing number of blocks and number of deaths
of players), with low attack speed for players who perform same or lower than the 67th
percentile of participants from Experiment 1 and medium attack speed for players who
perform better than the 67th percentile of participants from Experiment 1. The following
experiment aims to evaluate both of the proposed adaptations by comparing them to a

control group with no adaptation and a xed medium attack speed.

5.4.1 Materials and Methods
5.4.1.1 Design

The experimental setup was the same as in Experiment 1, using The Flow Experience as
a test game with the same progression (tutorial level and same three experimental levels).
This time, musical tempo (set to 1x speed) and beat synchronization (turned on) were
not manipulated, only attack speed was manipulated between players. Attack speed was
manipulated di erently based on three conditions: (a) the control condition was the same
as in Experiment 1, using a 1.0 multiplier for attack speed in every situation; (b) for
the context-based adaptation attack speed was multiplied by 0.5 in level 1 and 3 and by
1.0 in level 2; (c) for the player-based adaptation attack speed multiplier was based on a

linear regression formula which was clamped between 0.5 and 1.5, dynamically changing
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the di culty through gameplay for every attack:

v=yv; max(0:5min( 0:34+(0:034 np) (0:117 ng);1:5))

with v as the attack speedy; as the original attack speedny as the number of blocks,
ng as the number of deaths. Participants were randomly assigned to one of the three
conditions and had no knowledge of the existence of other conditions or the nature of their
condition. Again, valence and arousal were measured as dependent variables through the
aect grid [61].

The general procedure was the same as in Experiment 1, with the same online setup
using itch.io. First, participants were asked to read an information form and give consent
to participation. They were able to review and modify the game controls and then start
the tutorial level that was used to explain and teach the mechanics. Players then played
through the same progression of the three experimental levels and measured their a ective
valence and arousal through self-reporting before and after each level. Every participant
played through one of the three conditions (context-based adaptation, player-based adap-

tation, control), based on randomization.

5.4.1.2 Participants and Statistical Analysis

A total of 245 participants participated in Experiment 2, while the recruitment process was
kept the same. In order to test both group di erences and level e ects, participants who
withdrew during the study were excluded, reducing the nal sample to 158 participants (100
female). The sample size was deemed appropriate following a power analysis, assuming a
medium e ect size (0.6 SD) as found in Experiment 1 and a target statistical power of 0.95
(minimum sample 120), as well as considering the recommendation by Ferguson et al. [277],
with a target statistical power of 0.8 and a smallest e ect size of interest of 0.41 SD, which
is argued to represent "practically” relevant e ects for media data (minimum sample 156).
Participant age ranged between 18 and 45 years (M=23.25; SD=7.69). 36% reported never
playing games, 15% reported playing monthly, 7% reported playing biweekly, 4% reported
playing weekly, 13% reported playing every few days, and 25% reported playing daily. After
removing incomplete cases, the data were used to rst gather demographic information
about the sample. Analyses consisted of mixed ANOVAs with changes in valence and
arousal as the outcome variables, played experimental level as a within-subjects predictor,

and experimental condition as a between-subjects predictor. Follow-up t-tests were used
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to better describe di erences. All analyses were again conducted in R.

5.4.1.3 Ethics Statement

As with Experiment 1, the experiment was conducted in accordance to the recommenda-
tions of the Physical Sciences Ethics Committee and the Ethics Committee of the Psychol-

ogy Department of the authors' institution.

5.4.2 Results

The ANOVA on valence showed a signi cant e ect of adaptation condition on valence
change E[2, 155] = 12.38;p < .001; |§ = .05). There were no di erences for played level
as the within-subjects condition (F[2, 310] = 0.56; p = .57) and no interaction between

adaptation condition and played level [4, 310] = 1.80;p = .13).

Condition Valence Change Arousal Change
N M SD M SD
Level 1 158 0.10 1.53 0.28 1.46
Level 2 158 -0.07 1.47 0.29 1.59
Level 3 158 -0.01 1.39 0.05 1.63
No adaptation 52 -0.38 1.47 0.11 1.38

Level-based adaptation 57 -0.09 1.53 0.28 1.71
Player-based adaptation 49 0.50 1.32 0.22 1.52

Table 5.2: Descriptive data for each experimental level and adaptation condition.

Follow-up t-tests revealed signi cantly higher valence for the player-based adaptation
(M = .50; SD = 1.32) against both the level-based adaptation M = -0.09; SD = 1.53;
t[223] = 3.54; p < .001), and the control condition without adaptation ( M =-0.38; SD =
1.47;t[251] = 4.84;p <.001). Cohen's d for the di erence between player-based adaptation
and level-based adaptation was larger than the pre-de ned smallest e ect size of interest
(Cohen's d = 0.43; 95% CI[0.20, 0.65]), which was also the case for the di erence between
player-based adaptation and control condition (Cohen's d = 0.59; 95% CI[0.35, 0.83]). The
di erence between level-based adaptation and control condition remained non-signi cant
(t[314] = 1.91;p = .06; Cohen's d = .21).

There were no e ects of adaptation condition on arousal F[2, 155] = 0.50;p = .61),

and also no e ects of level for arousal F[2, 155] = 0.67;p = .51).
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Figure 5.6: Bar graphs of the e ects on valence change. Error bars symbolize standard

error (SE).

5.5 General Discussion

In Experiment 1, multiple associations between in-game behaviours and emotion were
observed within the non-adaptive game, as well as an e ect of enemy attack speed manip-
ulation on emotional valence. Based on these ndings, two game adaptations manipulating
enemy attack speed were designed for Experiment 2: one using in-game behaviours as a
way to indicate emotional state and the second using the current level. These were tested
against the non-adaptive game version. The rst adaptation showed a signi cantly higher
valence increase against both other conditions, providing evidence for the utility of this

approach.

5.5.1 Associations Between Game Characteristics and Player Emotion

Experiment 1 used a bespoke 2D arcade-style action game, "The Flow Experience", to test
associations between game materials (potential emotional output), player data (potential
emotional input) and a self-reported emotion measure. The Flow Experience was found to

have an in uence on experienced valence and arousal and this in uence was in turn at least
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partly dependent on certain design decisions (i.e. in-game level) and player abilities (i.e.
use of blocks and number of deaths). From a design standpoint, the emotional variables of
interest were the "gained valence", i.e. the change in experienced valence before and after
playing, as well as the change in experienced arousal. This measure was used to counter
conceptually problematic PX outcomes [268] and to serve as a validated psychological in-
strument to indicate continuous subjective a ect [276] (also discussed as the subjective
feeling component of emotion in [29]). In fact, while many a ect-adaptation studies argue
for the use of concepts such as ow [188], [194], [211], more and more arguments emerge
indicating doubt of the accuracy relating the concept. For example, Fong et al. [224]
collated evidence concerning the relationship between challenge, skill, and motivation and
found mixed results, while Jalife et al. [223] provided evidence of inconsistencies between
the prevalent concept of ow and current developments in cognitive science. Similar valid-
ity and reliability concerns have been reported for other PX constructs, such as enjoyment
or immersion [216], [217]. To avoid these concerns, this study provides some evidence of
the utility of self-report valence and arousal measures to research player experience. The
proposed process can however work with any validated subjective experience measure, as
long as it does not make mapping assumptions that are not fully researched (i.e. low phys-

iological arousal and valence mapped to sadness) in order to avoid wrong interpretations.

Using such an approach, the exploratory study yielded multiple relevant insights. Look-
ing at the e ect of game levels, we observed a signi cant decrease in valence and arousal
after the tutorial (i.e. the beginning of the experimental levels) and no more main e ects
between the levels, which indicates the emotion-eliciting e ect of the game itself. Both
change in valence and change in arousal were related to in-game variables in The Flow
Experience, either uniquely (such as movement for arousal or number of blocks for va-
lence), or shared (such as the number of avoided attacks). Valence was more related to
game variables that might indicate player skills (such as number of deaths), providing more
evidence that game enjoyment is at least in some way related to the subjective experience
of perceived challenge, which ts with current views of self-determination theory as an
explanation of playing motivation [16]. According to the theory, one relevant basic psycho-
logical need that might explain video game motivation is perceived competence, which is
dependent on multiple factors. While this study does not measure perceived competence,
the found player data indicates that skill-related aspects of the game partly determine

valence, which is in line with self-determination theoretical assumptions [19]. Arousal on
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the other hand was related to movement, indicating that observable in-game behaviours
likely re ect emotional reactions (i.e. game data could indicate a ective action tenden-
cies [57]). Arousal also generally decreased after the tutorial level, which ts the notion
of a ective habituation, making familiar materials generally less arousing [278]. Through
the exploratory analysis, it was possible to identify potential variables of interest that are
related to valence increase. Such an approach is likely to be useful in exploring a ective
relationships within games to gather more insights about how emotions can be elicited,
measured, or even understood as a psychological construct. The exploratory analyses
shown in this study provide just a small glimpse of what is possible to investigate emotions

in games and many more aspects could be utilized.

Regarding potential emotional output, the con rmatory analysis provided empirical
evidence for the in uence of attack speed on valence change. Contradicting some of our
hypotheses, musical tempo and beat synchronization showed no e ect on emotional re-
actions. While the means of valence and arousal change as seen in Table 5.1 show the
hypothesized trends, there was a large variance found across participants, leading to in-
conclusive results. Aljanaki et al. [279] conducted a large-scale study about game music
(N = 1778) and found that individual di erences had an especially large in uence on the
e ect of emotion-elicitation by music, which could explain the found results. While this
study can not provide speci ¢ explanations for the e ects, further speci ¢ hypotheses can
be developed following these ndings. From a practical perspective, the lack of an e ect
could mean that both musical tempo and beat synchronization may not be considered
appropriate candidate variables for adaptation, given the specics of The Flow Experi-
ence. In any case, the null results hold no de nitive answer, so further studies would be
necessary to identify context, users, and manipulation techniques to better explore the
e ect of tempo and beat synchronization on player emotions. For feasibility reasons, the
further design process therefore only regarded attack speed as the manipulation variable

of interest.

More insights about the emotional relationship between the player and the game were
achieved by investigating the interactions between identi ed emotional input variables and
identi ed emotional output (attack speed) when explaining observed changes in valence.
Two interactions were observed that provided very speci c indications of how the game
could be adapted to maximize positive valence. The rst regarded the game context: In

level two the low and medium attack speed were associated with higher valence, compared
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to the high attack speed. In levels one and three, only the low attack speed was associated
with higher valence. This could indicate di erences between the levels in regards to their
emotion elicitation and a potential adaptation could change the attack speed from levels
one and three to low and to medium for level two. Either way, the results indicated that
the high attack speed was too high for every level and that some emotional optimization
could be achieved with attack speed balancing in every level. The second interaction
regarded player data, Players who showed a high number of blocks and a low number of
deaths had the highest valence increase with the medium attack speed, while other players
had the highest valence increase with the low attack speed. The relationship between the
variables was quanti able by a linear regression formula that predicted valence change
by the number of blocks and deaths. Using this formula, it was possible to di erentiate
between players and achieve a dynamic di culty adjustment (DDA) based on emotional
data. A ect-based DDA has been shown to benet player performance [192] and self-
reported player experience facets [207], [262], based on a variety of emotion indicators,
such as physiology, facial expressions, and self-reports. Because this adaptation emerged
as a way to potentially increase valence based on the patterns found in this design process,
unknown relationships regarding challenge, skill, and player emotions were not necessary

to model to potentially achieve similar e ects.

5.5.2 Adaptation Strategies Based On Emotional Information

Experiment 2 provided an evaluation study to test the e ect of the two a ect-based adap-
tation mechanisms identi ed in Experiment 1 against a control group. The player-based
adaptation outperformed both the control group and the in-game level-based adaptation
in terms of self-reported valence increase. No e ect was found between in-game level-based
adaptation and the control group.

There are many potential reasons for the found pattern. The player-based adaptation
proved successful in enhancing valence compared to the control group and the in-game
level-based adaptation. The proposed system was tailored to the specics of The Flow
Experience and made use of the best predictors for valence increase. This adaptation
therefore is unique for this game (i.e. taking the in-game context into account), but
works through adapting to individual di erences. The improvement was level-independent
and exceeded the smallest e ect size of interest for both comparisons. Again, there are

practical considerations when de ning such a target e ect size: The recommendations by
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Ferguson [277] for a medium-sized e ect are based on the scienti ¢ need to make meaningful
distinctions between groups and conditions. With a large number of players, even smaller
e ect sizes might become very relevant. The trade-o can be considered in regard to the
expense: In this case, the implementation of a simple adaptation was accomplished via a
single line of code which resulted in an immediate medium-sized e ect. Depending on the
complexity of adaptation systems and game data analysis, as well as the size of the player
base, the smallest e ect size of interest might be smaller or larger for a given project.
The methodological process presented here shows potential in solving some of the existing

problems in a ective game design, especially in regard to conceptual uncertainties.

The level-based adaptation was chosen based on the results of Experiment 1 which
indicated di erent valence-ratings in level 2 compared to the other levels. However, there
was in fact no statistically signi cant di erence between low and medium attack speed
for level 2 in Experiment 1. It might be the case that a similar attack speed pattern
was preferred in all levels all along, with a larger range of enjoyable attack speeds for
level 2. The null results provide in any case practical guidelines: The in-game level-based
adaptation represented a non-signi cant game balancing e ort based on primary a ective
data. Balancing can be seen as an important consideration for any type of game, but
strategies and mechanisms to balance have many implications [280]. It can be reasonably
assumed that in the case of The Flow Experience, the game level was not a relevant factor

in our aim to increase player valence.

While there are many player experience studies that mirror a similar approach to val-
idate a ective games (e.g. [194], [195], [262]), there are as of yet no standards and many
studies reporting a ective games are di cult to compare due to their fundamentally di er-
ent approaches (e.g. [187], [192], [199], [205], [206]). Ewing et al. [195] proposed a similar
2-step experimental setup to ensure the validity of game material by explicitly testing the
emotional evocative nature of Tetris. Similarly, Lui et al. [204] rst created an emotional
model following Pacman sessions and then used this information to successfully build an
emotion-adaptive game. However, both of these studies integrated multiple physiological
measures that are often expensive and hard to implement for game designers. Our results
support this notion that a 2-step process can successfully create an enjoyable adaptive
game experience by only using subjective a ect data that is easy to assess and robust
in its re ection of relevant aspects of player experience. It also adheres to the standards

illustrated in Chapter 4, showcasing the utility of following such standards in a way that
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would make a ective game research more comparable and easy to follow.

This approach can solve conceptual problems, but it makes practical operations neces-
sary, i.e. the determination of statistical relationships between emotions and game charac-
teristics. Emotions can not fully be measured, only certain characteristics can be measured
that have an unknown mapping to emotions [32]. While certain methodological approaches
are well researched (such as the use of physiological arousal measured through heart rate
or skin conductance and its connection to fear [252]), these are still being in uenced by
factors such as context and individual di erences. Furthermore, some emotions that are
interesting from a game design perspective (such as nostalgia, shame, or melancholy) have
no known associations with any objectively measured instrument, but should still be used
for research and design purposes. To overcome these problems, games can test emotional
relationships themselves and identify in uences of certain contexts or individual di erences,

thereby allowing for empirically based design for any emotion.

5.6 Conclusion

The aim of this chapter was to provide a real and practical example of the applied emotion
design framework, to on the one hand evaluate it as a theoretical and methodological tool
and on the other hand add to the body of work researching a ect-adaptive video games,
while adhering to rigorous methodological standards. A lot of care went into the study
design to mitigate risks identi ed by the analyzed studies in Chapter 3 and o er a clear
and hands-on example to integrate the robust methods of the emotion design framework
(Chapter 4) into the development and research cycle of a video game.

Overall, the two-step evaluation provided empirical evidence suggesting the practicality
of this approach. The resulting adaptation mechanisms not only t well with the body of
existing research (speci cally concerning dynamic di culty adjustments) but were success-
ful in reaching a target emotion goal. In comparison to other work in the eld, this study
rearms that applied standards could provide more uni ed, comparable, and replicable
studies to possibly in the future understand more about the e ect of a ect-adaptive video
games. As it stands, this chapter adds to the notion that adaptive emotional experiences
are a promising direction for game designers and researchers, not only to create new and
bespoke experiences but also potentially to research fundamental theories of emotion.

It has to be acknowledged however that this is one piece of evidence, applying the emo-

tion design framework to a very focused and simple example. Ideally, the framework should
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be helpful not only to building a ect-adaptation mechanisms but also to understanding the
a ective player-game interaction for any game and making use of the proposed principles

beyond automatic adaptation systems.
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Chapter 6

A Case for Emotional Output

"A child does not catch a gold sh in water at the

rst trial, however good his eyes may be, and
however clear the water; knowledge and method are
necessary to enable him to take what is actually

before his eyes and under his hand."
Harriet Martineau , How to Observe Morals and

Manners [281]

Until this point, e ort was put into clearing up theoretical misconceptions and poten-
tially awed practices in designing a ect-adaptive games, as they are typically understood
as "aective games". However, as described in Chapter 4, a ective games can also be
understood as any game that makes explicit assumptions about the a ective relationship
between a player and a game. Indeed, looking at games from such a perspective, it becomes
clear that every game involves some kind of emotional relationship with its players. This
also means that the concepts and methods that have been the subject of this thesis can be

applied to all kinds of research concerning video games and their a ective nature.

For example, one interesting use case is the analysis of human behaviour given an
expectation of emotional experiences when playing a certain type of game. There is no
doubt that emotions play an important role in human behaviour and while theoretical
perspectives might argue about the precise nature of this role, it is generally agreed upon
that emotions include behavioural components [28], [29]. Not only do emotions themselves
lead to certain behavioural patterns, but people also make choices and show behaviours
based on their expectation of the emotion they will experience [36]. This is of course no

surprise - we watch sad movies because they are sad, not despite the fact [282]. This is no
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di erent from our choice of video games: If we want to experience relaxation, we might
play games marketed as "relaxing" or "cosy" that include calming music, graphics, and
gameplay tasks [283]. Based on this train of thought, it is very easy to imagine that many
people would make the conscious choice to seek out games associated with relaxation when
in a state of stress. Or - to put it into the words of the Emotion Design framework - games
that feature relaxing emotional output may be more sought after when people experience

stress.

Such an assumption is based on quite an extensive body of research. People are very
willing to play video games as a medium to relieve stress [284] or even argue stress relief
as a main motivator to play games [285]. With a whole genre of games marketed as
"relaxation games" or "cosy games" [286], there might also be no doubt about the speci c
nature of stress-relieving emotional output. However, as repeatedly shown in this thesis
up to this point, making assumptions about a ective relationships between players and
games, without taking context and individual di erences into consideration, may pose risks.
According to the Emotion Design framework, we cannot assume universal associations
between any type of emotional output and subjective experience. The main aim of the
"testing phase" described in Chapter 4 and Chapter 5 was to establish the given statistical
relationships rst and based on the results inform design decisions. In order to not make
inaccurate conclusions, it is necessary to assume that a ective interactions between a game
and a player are not universal and speci ¢ statistical associations are potentially unknown,

as shown in Fig 6.1.

As a consequence, the previously made simple and obvious hypothesis becomes an
interesting showcase of these core principles of the Emotion Design framework. According
to the framework, we cannot assume that a dark and moody virtual room will inict
universal fear and in the same light, we cannot assume that cosy games are inherently
associated with the actual experience of relaxation. Not only is the previously made
hypothesis a question worth testing, but the process of testing it may uncover additional
insights about the nature of the emotional player-game interaction and by extension the
nature of human experience. The following study therefore represents an exemplary case
of applying the Emotion Design framework to higher order questions, unrelated to the
actual a ect-adaptation in video games, but rather targeted at answering more general
questions about human behaviour and emotions when interacting with video games of a

speci ¢ nature. To achieve this, the following section will describe a study examining the
106



6.1 Background

Figure 6.1: lllustration of the emotional output testing phase of the Emotion Design
Framework. The core assumption of the framework is that the statistical relationship
between game material and experience is dependent on context and individual di erences
and needs empirical testing. Assumptions about this relationship might lead to misguided

conclusions.

demand for relaxing gaming experiences during the COVID-19 pandemic as a particularly
stressful time, using relaxation-related emotional output descriptors in the form of Steam

tags.

6.1 Background

In 2020, the COVID-19 pandemic had an infection rate of over 60 million cases [287],
making it a global health crisis with many implications for mental health and psychological
wellbeing. These are seen as a result not only of a direct infection with the virus, but
rather overall social and personal di culties arising from the crisis, such as nancial losses,
uncertainty about the future, and public health measures like social distancing and contact
restrictions. Common mental health problems following the COVID-19 pandemic are often
of an a ective nature and include symptoms of anxiety, depression, and stress [288] [290].

For example, Salari et al. conducted a meta-analysis involving 9,000 participants across
multiple countries and found a stress prevalence of nearly 30% in the general population.
Xiong et al. [290] similarly found many a ective problems across America, Europe, and
Asia connected to the pandemic, including increased rates of post-traumatic stress disorder
(PTSD) and stress.

The adverse e ects of stress on mental health have long been known, and there are many

examples in the literature that describe the consequences of stress-inducing life events on
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health and emotional well-being. Stress have been associated with pathological symptoms
of depression [291], [292], anxiety disorders [293], [294], and even schizophrenia [295]. Con-
sidered from a di erent perspective, stress has also been shown to impact psychological

well-being negatively, reducing life satisfaction [296], and happiness [297].

These developments are based both on biological [298] [300] and psychological [301],
[302] processes and represent a key topic of interest for the involvement of emotions in

mental health.

Because of its strong associations with mental health, researching stress within the
emotion-player relationship in video games might uncover potential bene ts of further de-
veloping and researching a ective games. Games already show strong potential in improv-
ing mental health through their e ects on stress: For example, Russoniello et al. showed
that casual video games (such as pinball) can reduce physical stress responses [303]; while
Holmes et al. [304], [305] and lyadurai et al. [306] provided empirical evidence for the po-
tential of Tetris to reduce ashbacks in PTSD patients. Furthermore, many studies have
been conducted that report general stress relief following the use of video games, with

implications for improved mental health measures [25], [26].

Not only has it been shown that video games can relieve stress, it has also been re-
peatedly reported that people actively choose to engage with video games to recover from
stressful situations [283], [284], even citing stress relief as a main motivation to play in the
case of middle-aged adults [285]. This e ect seems to be even more accentuated than the
stress-relieving e ect of other leisure activities, especially of passive media consumption
[307]. Games that have "relaxing" e ects (i.e. games with emotional output assumed to be
connected to relaxation) are often marketed as such and consequently sought after. On the
popular Steam platform for example, "relaxing" is one of the most popular tags, yielding
over 2,800 game results in the Steam Store. These tags both represent attributes that are
used by the developers to market a game and game characteristics identi ed by the player
base, making them a potentially valuable descriptive attribute together with game genres

in modern video game distribution platforms.

With the disruptions of everyday life activities during the COVID-19 pandemic and the
pandemic itself constituting a major source of stress [289], [290], it seems quite believable
that a ect regulating aspects of video games become even more pronounced during lock-
down. In fact, there are many reports indicating reduced physical activity and increased

screen time in university students in the US [308] and Italy [309], adults in the US [310]
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and India [311], as well as the general population in China [312], [313].

To summarize, it does not seem like a surprising assumption that people did in fact
play more games (and especially games connected to relaxation) during the COVID-19
pandemic and therefore inherently facilitate the reduction of stress - at least in theory.
But as previously discussed, this theory only holds true if we make the assumption of
universal stress-relieving e ects, given a certain type of emotional output. In terms of
aesthetics, much e ort has been made to systematically describe "cosiness” in games as an
inherent attribute and how this attribute can explain psychological, physiological, and even
societal developments [286]. To test if we can make such an assumption, given the context
of the COVID-19 pandemic, the following study investigates the demand for relaxing video
games during the COVID-19 pandemic by analysing Steam player data. To put it into a
clear hypothesis: The peak number of daily players averaged over the time period March
to November 2020 increased compared to the same time period in 2019 and signi cantly

more so for "relaxing games" than any other type of game.

6.2 Materials and Methods

6.2.1 Dataset and Preprocessing

The study hypothesis and the analysis plan were preregistered on OSF (details can be
found in [314]).

To operationalise a given game's demand, average daily player peaks (ADPPs) have
been used as a measure of popularity for the time period of a day. The data set used
includes excessive data from Steam, the largest online game distribution service for PC
games with over 90 million monthly active users and 20 billion hours of gameplay in the
observed time span [315], [316]. The data was obtained from SteamDB, an independent
information service, accumulating data directly from the Steam API, including data about
game followers, reviews, playtime, and concurrent players for every day and every game
available on Steam.

The harvested data set initially contained records from 4,648 of the most played games
on Steam. Information was collected about the name, developer, release date, and ADPP
for each month since the release of each game. ADPPs were calculated for the time
period March to November 2019 (pre-COVID-19 period) and for March to November 2020

(COVID-19 period). Because the COVID-19 pandemic developed di erently over the world
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and the study was conducted in December 2020, the pandemic period was de ned as March
to November 2020, based on reports indicating stress-related e ects at the beginning of
March [288][290] and the public considerations of stress-related concerns made by the

World Health Organization [317].

Games that included missing values in ADPPs for any of the months in the observed
time periods were eliminated beforehand, resulting in a sample of 4,147 games. Further-
more, games were only included in the next step if they were released before February 15,
2019, to ensure that each game had su cient time to be available on the store to not skew
ADPPs towards newly released games. This resulted in a reduction of the sample to 2,929
games. Finally, games with an average player peak of less than 3 players per day for the

2019 time period were excluded, resulting in 2,379 remaining games.

The game sample was then coded according to pre-de ned coding criteria on a more
detailed level. All games were coded in regards to their application type, as only games
were to be included and no demos or other utility software. The games were assigned to the
test group rather than the control group if they contained the steam tag "relaxing" and an
analysis of the trailer, game description, and other tags did not lead to the conclusion that
the game is not primarily relaxing. To ful | the second condition, a game must not have
contained any of the following: (a) Con icting mood tags (such as "funny" or "emotional)
with a higher priority than relaxing to ensure the primary emotional target experience was
seen as relaxation and not sadness, melancholy, excitement, or humour. (b) Action-heavy
and intense gameplay that shows clear signs of stress-inducing design characteristics (such
as war-themed rst-person shooters) as a primary experience characterisation of the game.
(c) A main focus is on horror, sexual or mature content, or other characteristics that
con ict with the relaxation aspects of the game. This process was conducted by both
main researchers (see [3] for more details) and regularly checked for inter-coder agreement
with further discussion on uncertain cases to prioritize games with a "cosy aesthetic" [286].
These e orts were made to compile a list of games that are primarily considered relaxing
through their primary game loop and audiovisual presentation and not a list of games that

are considered relaxing, even though the primary target experience is di erent.

Following this procedure, 143 games were identi ed for the test group (i.e. relaxing
games) and 2,124 were assigned to the control group. Extreme outliers with more than 7
standard deviations from the mean in terms of ADPPs were further removed, leading to

2,216 games in total (138 relaxing games).
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Figure 6.2: Flow diagram of the number of games screened and included in the study.

Finally, matching procedures were applied to enable further statistical analysis. Be-
cause the pool of relaxing games and control games were naturally di erent, a matching
procedure was conducted to reduce covariate imbalance and therefore confounding fac-
tors. Pre-processes matched data is reported to produce more robust inferences tied to
fewer assumptions, adjusting the samples based on a shared covariate [318]. The chosen
covariate was the ADPP value in the pre-COVID-19 period (March to November 2019)
as a shared starting point to observe changes for the COVID-19 period. Matching was
achieved using a greedy nearest neighbour algorithm. In this method, each test unit is
assigned one control unit based on the smallest distance in propensity scores between both

units. Greedy matching was chosen as it takes the closest match for each value in the test
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group, which has been shown to perform very e ciently with datasets containing a large
pool of control units to choose from [319], [320]. The matching procedure led to a nal
dataset of 138 games in each control group and test group. A detailed overview of the
selection process can be seen in Fig 6.2. A preliminary power analysis uncovered the need
of 210 participants to reveal a medium-sized e ect with a power of 1 - = 0.95. Because
non-experimental data needs generally more conservative analyses, the nal sample size of

276 was deemed appropriate to reveal a medium-sized e ect.

6.2.2 Analysis

Data analysis was performed with the statistical computing software R. Both parametric
and non-parametric analyses of variance were considered for the current dataset. Due to
the violation of assumptions of parametric tests (e.g., ANCOVA, or change value ANOVA),

non-parametric alternatives such as Quade's test and Wilcoxon signed-rank test were used.

6.2.3 Ethics Statement

Written consent was granted after reviewing the methods of our study by the Physical
Sciences Ethics Committee of the University of York in a fast-track procedure. The full
statement states: The researchers have taken all reasonable steps to ensure ethical practice
in this study and | can identify no signi cant ethical implications requiring a full ethics
application submission to the Physical Sciences Ethics Committee. | have checked and
approved all supporting documents required for this application. | understand that com-
pletion of this form indicates that from an ethical point of view, | am willing to share

responsibility for the work being conducted.

6.3 Results

138 games in the relaxing group were matched by the covariate (average daily players for
2019) with 2,077 games in the control group using the Matchlt package [321] iR. The

nal sample consisted of 276 games with 138 games in each group. Descriptive data re-
garding release years and game genres can be found in Table 6.1 and Table 6.3. Mean
propensity scores for relaxing M = 0.06) and control (M = 0.06) groups showed a stan-
dardized average mean di erence of 0 and a maximal distance of 0.01. Fig 6.4 shows a

visualization of the propensity scores for the matched and unmatched units. The mean
112



6.3 Results

covariate value wasM = 226.19 for the relaxing group, andM = 226.19 for the matched
control group. A complete overview of descriptive statistics can be viewed in Table 6.4.
Overall, nearest neighbour matching [322] resulted in a well-balanced dataset in regards to
covariate similarity (see Fig 6.3 for the empirical quantile-quantile plot). However, due to
the nature of the data acquisition, the distribution of the covariate was skewed for both

groups.

Figure 6.3: Empirical quantile-quantile plot of the covariate. Depicted are the quantiles of
the covariate (ADPPs 2019) for the relaxing and control group before and after matching.

Small distances between sample points and the diagonal indicate close similarity.

Group 2008 | 2009 | 2010| 2011 | 2012 | 2013
Relaxing | 1 0 2 1 2 9
Control 1 1 5 8 1 8
Total 2 1 7 9 3 17

Table 6.1: Release years of games in the relaxing group and control group (2008-2013).

Group 2014 | 2015| 2016 | 2017 | 2018 | 2019
Relaxing | 14 18 19 29 36 7
Control 15 14 17 36 30 2
Total 29 32 36 65 66 9

Table 6.2: Release years of games in the relaxing group and control group (2013-2019).

To test whether relaxing games and control games showed a similar expected ADPP
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Figure 6.4: Propensity scores of matched and unmatched samples. Relaxing games are the

treated units and control games are the control units.

Genre Relaxing | Control
Action 1 91
Adventure 31 11
Casual 35 9
Horror 0 5
Puzzle 10 0
Racing 1 1
RoleP layingGame | 5 8
Simulation 46 3
Sports 2 3
Strategy 7 7
Total 138 138

Table 6.3: Genres of games for the relaxing group and the matched control group.

progression based on time preceding the pandemic (2015-2019), a preliminary linear regres-
sion analysis was conducted, predicting ADPP by time and group. There was no signi cant
main e ect for time (t[752] = 1.67, p = .10) and no interaction e ect between time and
group (t[752] = 0.55,p = .58). A graph of the progression of ADPPs over time by group
can be viewed in Appendix A.1.

Preliminary tests of ANCOVA assumptions using scatterplots showed a su cient lin-
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2019 2020

Groups N M SD M SD
Relaxing | 138 | 226.19 | 612.16 | 246.54 | 652.76
Control 138 | 226.19 | 657.38 | 240.43 | 657.39
Total 276 | 226.19 | 611.26 | 243.49 | 653.89

Table 6.4. Sample size (N), mean (M) and standard deviation (SD) for the ADPPs in 2019
and 2020 by groups.

ear relationship between the independent variable (average daily players for 2020) and
the covariate (see Fig 6.5). Regression slopes for both groups were parallel, pointing to-
wards homogeneity, which was tested using a two-way ANOVA for the interaction between

covariate and group F[1, 272] = 0.05,p = .82).

Results showed no indication of an interaction, so homogeneity of regression slopes
was assumed. Just like for the covariate, distributions of the dependent variable and its
residuals were highly skewed, which violates not only basic assumptions for ANCOVA but
for a potential change value ANOVA, which is commonly used as an alternative to present
average treatment e ects on treated (ATTs), i.e. in this case the gain of average daily

players of the relaxing games group speci cally between 2019 and 2020.

It was therefore decided to explore the overall time e ect and the ATT using more
robust non-parametric methods that are not distribution dependent. First, the overall
time e ect (the increase in ADPPs for both groups combined between 2019 and 2020) was
calculated using a Wilcoxon signed-rank test [323]. The test showed a signi cant di erence
between 2019 and 20204 = 4.70, p < .01). So, between March 2020 and October 2020,
a signi cantly higher daily average peak per game was observed than for the same period
in 2019. Mean ADPPs increased fromM = 226.19 in 2019 toM = 243.49 in 2020 (see
Table 6.4 for more information). E ect size was calculated to quantify the interpretation
of the e ect after Rosenthal [324]. Using Cohen's criteria [325], the calculated e ect size

(r = 0.20) can be considered a medium-sized e ect.

To test if this increase was even larger for the relaxing games compared to the control
games, the ATT was calculated using Quades's rank analysis of covariance [326]. This
method utilises the residuals of the regression of ranked dependent variables and ranked
covariates, rather than the non-normal distributed variables themselves. Results showed no
signi cant group e ect ( F[1, 67] = 0.05, p = .88), meaning the ATT was not signi cantly
di erent from the average treatment e ects on the control group. In other words: No

signi cant di erence of average daily player increase was observed between the relaxing
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Figure 6.5: Scatterplot of the relation between ADPPs in 2019 and ADPPs in 2020 by

groups. Scales have been log-transformed for clearer data presentation.

game group and the control group. A boxplot visualising the group di erences can be seen

in Fig 6.6.

6.4 Discussion

To examine the increase in demand for video games associated with relaxation during the
COVID-19 pandemic, relaxing games and matched non-relaxing games have been compared
in regards to their average daily player peaks for the periods of March to October in
2019 and 2020 respectively. Results revealed a medium-sized increase of ADPPs over both
groups for the COVID-19 period compared to the pre-COVID-19 period, but no signi cant
di erences between both groups regarding this increase.

While the experiment uncovered an overall increase in ADPPs, there was no evidence to
support the special role of games associated with the "relaxation” tag during the pandemic.
There are various implications for these ndings regarding a ective classi cations of game

material (i.e. emotional output according to the Emotion Design framework) and its
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Figure 6.6: Boxplots of the dierences in ADPPs in 2020 by groups. Scales have been

log-transformed for clearer data presentation.

implications for observed behaviour within the a ective player-game interaction.

6.4.1 The Role of Relaxing Games in Increased Daily Player Peaks

The COVID-19 pandemic has had vast in uences on people's everyday behaviour and
the presented increase of ADPPs in the current study mirrors the current ndings in the
literature, including the ndings of the increase of screen time all over the world (e.g. [308]
[312]). During the months of lockdown, availability for outdoor activities was very limited
and digital alternatives, including video games, have experienced a rise in popularity. In
fact, there is no reason to doubt an overall increase in digital activities, but there is
disagreement regarding the reasons and consequences of these behaviours, speci cally for
video games.

Just as there is not much doubt about the behavioural changes that resulted from
the pandemic, the literature provides a huge amount of convincing evidence regarding the
changes relating to mental health, speci cally psychological stress [288][290]. Multiple

studies associated COVID-19-related increased screen time and decreased physical activity
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with mental health problems (e.g. [327], [328]). The pandemic itself and the consequences
of the lockdowns on peoples' lifestyles have been identi ed as risk factors for psychological
problems. However, more and more recent studies provide arguments that link the role of
video games in speci ¢ not to a mental health danger, but to mental health improvement

and protections against such risk factors (e.g. [25], [303], [304]). It further seems that
people are more and more drawn to video games as a way to actively recuperate from

stressful events [283], [285].

While the present ndings do not hold any information about why people play more
during the pandemic, the increased numbers of daily players across all games do not con-
tradict this particular view. It is however important to note that this overall increase might
not be related to COVID-19 but rather represent a naturally expected increase of ADPPs
independent from the pandemic, but possibly related to factors such as reduced cost or
increased accessibility of technology. As Appendix A.1 shows, ADPP peaks for most games
seem to lie in 2018 with a big decrease in ADPPs for all games between 2018 and 2019. ltis
very much possible that the pandemic a ected this trajectory from 2019 onwards, inverting
this trend. The overall e ect may however not be as signi cant as it seems considering the
the overall variation in ADPPs over time and the unexplained decrease of ADPPs after
2018, which might represent multiple reasons, such as a natural decrease in interest after
a few years post-release. In any case, the data does not allow for conclusive attribution
of observed trends. Not only is it questionable to assume the pandemic had a large e ect
on the player increase, but the presented data shows no support for the assumption that
people would play even more games associated with relaxation to cope with the stress

caused by the pandemic.

Looking at player demand, there seems to be no signi cant di erence between "relax-
ing" or "cosy" games and any other type of game. The natural conclusion to make is that
our presented collection of relaxing games does not represent an objective list of relaxing
games - or to put in other words - games commonly associated with relaxation (by both
developers and players) may not have a universal association with the actual subjective
emotional response of relaxation. This study was carefully conducted with objective crite-
ria and replicability in mind and can therefore stand as an indication that we are in need
of a broader discussion about what a "relaxing game" is in a scienti ¢ context. As can
be seen in Table 6.3, the test game group included a specic type of game, representing

genres such as simulation, adventure, and casual games - in recent years often described
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as "cosy" [286]. These are games that are categorized by the players as relaxing but are
not necessarily correlated with the actual experience of relaxation. The current results
therefore represent the core principles of the Emotion Design framework (see Fig 6.1): The
actual experience of relaxation given a certain type of emotional output is highly dependent
on individual di erences and context. Playing "relaxing" games means di erent things for

di erent people in di erent circumstances. Furthermore, this nding might also represent a
disconnect between game labels and the actual a ective phenomena these labels are based
on - speaking in a broader sense of emotional experience in general. This disconnect is
very naturally bound to the conceptual uncertainties regarding emotions (and most a ec-
tive phenomena for that matter) and the di erences in viewing and describing emotions
between psychologists, designers, computer scientists, game publishers, players, and other

subgroups of the general public.

6.4.2 Means of Relaxation

It would be a fallacy to assume that the presented ndings provide evidence against the
stress-relieving e ects of video games. But rather instead of seeing relaxation as a uni-
versal game characteristic, the actual experience of relaxation emerges from an interaction
between a game and a player. What is labelled as "relaxing" by a general population might
not hold much weight, seeing that emotions are inherently subjective. A wide variety of
individual di erences regarding physiological stress responses have been reported [329] and
emotion regulation technique e ectiveness is also known to be highly dependent on indi-
vidual di erences [330], [331]. Game elements that consistently fall under the description
of "relaxing" might therefore not mirror what individual people nd relaxing and seek out.
One source of confusion could be the amount of mostly violent action games in the
control group (see Table 6.3), which could be thought to cause stress, rather than reduce
it (e.g. [332], [333]). One explanation for why this might not be the case is the complexity
of games itself. Given all games have so many factors and elements connected to them,
it may hardly be possible to relate one experience to one game. For example, many very
violate games integrate some form of social interaction, which has been identied as an
important factor moderating positive e ects of video games on mental health [334], [335].
In fact, social interactions have consistently been shown to be an important bu er against
the negative impacts of stress (e.g. [336]), which also relates to social components within

otherwise violent video games. Given the number of potential moderators on the e ect
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between video games and emotional response, it may not be surprising that some explicitly
violent games seem to show similar trends to explicitly relaxing games.

Still, on a more fundamental level, many researchers argue that speci c game elements
do not completely account for the observed experience in a universal way. More recent
research has been conducted that demonstrates the importance of individual di erences in
response to violent games (e.g. [335], [337]) and even sheds light on important elements
with a positive relation to mental health. For example, Collins and Cox [334] found that
action games and shooters have the largest e ect on after-work recovery than any other
genre. What therefore constitutes as an emotional output connected to the actual experi-
ence of relaxation might not follow "relaxing" or "cosy" aesthetics. For some people, games
connected to actual relaxation can consist of quite contrary characteristics. Maroney et
al. [338] argue that all types of games provide means to reduce negative states, depending
on individual stress-coping mechanisms, and that social interactions could be understood
as mediators for these individual e ects. Again, the evidence points towards the impor-
tance of individual and contextual di erences when experiencing emotions and therefore -
in line with the Emotion Design framework - the importance of explicit testing of assump-
tions regarding a ective associations between game material (emotional output) and actual
emotional response. As previously discussed, a ect proves to be complex, ambiguous, and
non-universal - as it has been described by modern psychologists for years [28], [36], [37].
This study can therefore be seen as a supporting argument for the need for the Emotion
Design framework as a way to accurately illustrate a ective game-player interactions and
a guide to robustly provide a ective experiences within video games.

In many current studies, a high emphasis is put on how speci ¢ games with relaxing
elements could be associated with well-being. Speci cally games like Animal Crossing:
New Horizons have been used as an example of the possible e ects of video games during
the pandemic [339], [340]. While this study does not necessarily invalidate this approach,
it might be worthwhile to expand the research to include all kinds of games, game ele-
ments, styles, and genres and look at their interactions with individuals to elicitate actual

emotions, as described in Chapter 4.2.

6.4.2.1 Limitations and Future Directions

Some limitations have to be considered that emerged as a consequence of the study design.

As no randomization was possible and a quasi-experimental design was chosen, it might be
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the case that a naturally lower statistical power could have in uenced the reported results.
Measures like the reported e ect size of the overall ADPP increase must be interpreted
with caution, as these could behave di erently (and often more conservatively) than the
respective measures for parametric tests. The limited sample size also limits the probability
of revealing very small e ect sizes that still could be relevant for data containing video game
players all over the world. To have a more precise picture of the discussed e ect, a large-
scale experimental study would be appropriate, although the informational gain might not
be worth the e ort. Another characteristic of this study is the restriction to Steam and

a certain player base. Steam is only a part of the whole video game industry and does
not re ect players on consoles or mobile devices. Because relaxing games were limited in
ADPPs and controls were matched, most of the most popular games with hundreds of
thousands of daily players had to be excluded. As a result, this study provides insights
about a speci c type of game for a speci ¢ platform. It does not re ect di erences in types
of players, which could also be an interesting topic for further examination. Methodological
limitations are however a consequence of this data-driven approach, which is essential to
explicitly test a ective associations. Despite limitations, it stands as an example of the
knowledge gained when conducting empirical studies - even for seemingly obvious theories.
It would be misguided to conclude that the demand for relaxing games is currently equal to
the demand for non-relaxing games. Instead, the results should be interpreted in regards
to their informational value when it comes to the gaps that are currently present when
talking about a ect-elicitating game elements and an example of applying the Emotion

Design model to an empirical study to further our knowledge of human a ect.

6.5 Conclusion

The Emotion Design framework can be seen as a guide to developing a ect-adaptive video
games, but also provides theoretical lenses to understand a ective phenomena in user-
centered software. This chapter provided an empirical experiment investigating a real-
world phenomenon (i.e. player behaviour during the COVID-19 pandemic) through the
concept of emotional output. Understanding emotional output as game stimuli with the
potential to elicit emotional reactions for a certain type of player in a certain context can
help understand behavioural patterns in large parts of society. It is not enough to assume a
game or game characteristic is relaxing - the label itself only derives meaning if the actual

a ect is experienced by the players.
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Chapter 7

A Case for Emotional Input

"Practically speaking, then, there is no gold

standard measure of emotional responding.”
Iris Mauss & Michael Robinson [32]

Chapter 6 discussed the concept of emotional output and how this label in the context of
the Emotion Design framework can help explain certain observations regarding the a ective
game-player interaction. This is true for various kinds of games that are not traditionally
seen as "a ective games" [46] as they do not necessarily concern themselves with adaptation
on primary emotional data. Still, the theoretical and methodological barriers thoroughly
discussed in Chapter 3 also apply to games that process user emotions. Emotional input as
a concept relates to player information that could be used to infer a ective states. Crucially,
there is no one-to-one mapping between a certain measure and an emotional state [32] so
similarly to emotional output, emotional input represents context-speci ¢ information that
di ers between individuals. The following chapter demonstrates the usefulness of such a

conceptualisation in explaining emotional phenomena observed in real game scenarios.

As Fig 7.1 shows, game systems might have access to a variety of potential user infor-
mation, such as user input, their in-game abilities and progressions, and even something
like traits or psycho-physiological measures. Many studies have argued that especially
biofeedback instruments are successful tools to model player emotion [40] and consequently
provide su cient information for a game system to adapt. When looking however closely
at real video game adaptation, as shown in Chapter 3.3, we can observe that emotions are
modelled and measured with a variety of di erent instruments for a variety of di erent

games - often making speci c assumptions about how certain outcomes relate to a ective
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